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Article Summary

1) Article Focus - up to three bullet points outlining the research questions or hypotheses

addressed

This is a large multicenter study, including 231,102 cancer cases diagnosed between 1998 and
2011. The aim is to analyze the association between smoking and the development of
different types of cancer and to identify the etiologic fraction related to tobacco consumption

in Brazil.

2) Key Messages - up to three bullet points outlining the key messages and significance

of the study
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This study confirms a high risk of developing cancer of the hypopharynx, bronchi and lung,
larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder cancer among
smokers and establishes the EF attributable to smoking in the development of different types

of cancer in Brazil.
3) Strengths and Limitations

The limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. A strong point is that the association between smoking and cancer was adjusted for
alcohol consumption. Even with these limitations, the opportunity to define the magnitude of
the risk of developing cancer associated with tobacco use and the fraction of cancers that can
be attributed to its consumption by a large Brazilian national study allowed, for the first time

in the country, to give a comprehensive overview of this association.

Data sharing statement: There is no additional data available.
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Abstract

Objetive: To estimate the magnitude of association and identify the etiologic fraction (EF)
attributable to smoking in the development of different types of cancers in Brazil. Material
and methods: we conducted a case-case study, including 231 102 patients registered in the
Cancer Hospital Records (CHR) in the period from 1998 to 2011. A total of 204 131 cancer
cases relating to 30 topographies were compared to 26 971 cases of non-melanoma skin
cancer. Smoking exposure was considered at the time of hospital registration. We calculated
odds ratios (OR), unadjusted and adjusted for gender, age and alcohol consumption, with 95%
confidence intervals (95%CI). Results: After adjustment, the risk of developing cancer
associated with smoking was very high (piriform sinus, bronchi and lung, larynx,
hypopharynx, oropharynx and oral cavity), high (esophagus and bladder), moderate (anus and
anal canal stomach, nasal cavity, middle ear and paranasal sinuses, pancreas, nasopharynx,
other parts of the biliary tract and kidney, and low (liver, gall). There was no association
between smoking and cancers of the central nervous system and myeloid leukemia. For
thyroid cancer there was a decreased risk of developing the disease. The EF was higher than
50% for hypopharynx, larynx, hypopharynx, bronchi and lung, oropharynx, oral cavity and
esophagus cancers. Conclusion: This study confirms a high risk of developing cancer of the
hypopharynx, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus
and bladder cancer among smokers and establishes the EF attributable to smoking in the

development of different types of cancer in Brazil.

Key words: Neoplasms, Tobacco, Risk Factors, Epidemiology

What this paper adds

The first observational, multicenter study conducted in Brazil, including 231,102 cancer cases
diagnosed between 1998 and 2011, in order to assess the magnitude of the association
between smoking and the development of different types of cancer and to identify the

etiologic fraction related to tobacco consumption in Brazil.
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Introduction

According to the World Health Organization (WHO), cancer is the leading cause of
death worldwide, with approximately 27 million incident cases, 17 million deaths and 75
million people living with the disease being estimated for the year 2030".

Smoking is the main risk factor for the development of many types of cancer.
According to the International Agency for Research on Cancer (IARC), tobacco smoking is
associated with cancers of the oral cavity, oropharynx, nasopharynx, hypopharynx,
esophagus, stomach, colon and rectum, liver, pancreas, nasal cavity and paranasal sinuses,
larynx, lung, uterine cervix, ovary (mucinous), urinary bladder, kidney (body and pelvis),
ureter and bone marrow (myeloid leukemia)®. These tobacco related cancers account for
almost half of the global neoplastic disease burden. The WHO? estimates that, each year, six
million people die as a result of tobacco use and if this situation is not reversed in 2020, there
will be about 7.5 million deaths annually.

In Brazil, according to data released by the Brazilian National Cancer Institute
(INCA), tobacco use kills about 200 000 people per year. Measures adopted in the country for
tobacco control, contributed to the decline of 50% in the median prevalence of tobacco use in
the last two decades’. Brazil has a mixed population composition with varied genetic,
epidemiologic and socio-demographic characteristics, which may result in differential
association between smoking and different types of cancer, and the empirical evidence of this
association is relatively scarce in the country. Consequently, well-designed epidemiological
studies are necessary to assess the risk of disease and the fraction of cancers that can be
attributed to tobacco use. Therefore, this study aims to estimate the magnitude of the
association between smoking and the development of different types of cancers and to

identify the etiologic fraction (EF) attributable to tobacco.
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Material and Methods

An observational study was conducted using secondary data from Cancer Hospital
Registries (CHR), provided by the Brazilian NCI through the Integrator CHR System, which
gathers information on hospitalizations for cancer in Brazil. The data were taken in September
2011 and refer to cases for which the hospital provided the initial diagnosis of cancer and/or
for which the hospital contributed to first course treatment (analytic cases), diagnosed
between 1998 and 2011 and seen in 168 hospitals in 24 Brazilian states.

We adopted a case-case study design. Cancer cases from 32 sites were compared to
cases of non-melanoma skin cancer, as they are not related to tobacco use. We excluded
patients younger than 18 years and older than 100 years, those with no information on
genderand smoking, the main purpose of this research. Cancers with fewer than 50 cases with
valid data were excluded , in order to render the analysis more precise. We analyzed socio-
demographic variables, and history of tobacco and alcohol consumption at the time of hospital
enrollment.

Statistical analysis was performed using the PASW Statistics software, version 18. We
conducted a descriptive analysis of the population. Association between tobacco use and
cancer occurrence was analyzed using odds ratios (OR) with 95% confidence intervals
(95%CIs). In order to control for confounding factors or interactions, an adjusted analysis was
performed considering age, gender and alcohol consumption. The adjusted odds ratios were
classified as: no association (OR < 1); small effect or weak association (OR 1 to 1.5), medium
or moderate association (OR 1.5 to 2.5); large or strong association (OR 2.5 to 4) and very
large or very strong association (OR > 4). For cancers associated with tobacco use, we
calculated the EF or the population attributable risk fraction (PARF), in order to estimate the
proportion of cancer cases that could be avoided if the population had not been exposed to
tobacco. The EF was calculated using the formula: EF=Pc(aOR-1)/aOR, where aOR denotes

the adjusted OR and Pc is the proportion of cases exposed.
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This study has been approved by the Ethics and Research Committee of the Brazilian

National Cancer Institute, number CAAE - 0104.0.007.000-11.

Results

A total of 204 131 cancer cases were compared with 26 971 controls. In males, there
was a predominance of prostate cancer, followed by bronchi and lung and oral cavity; in
females, breast cancer, uterine cervix, and colon and rectum were more prevalent (Table 1).

Regarding social and demographic variables, a high prevalence of patients aged 50
years or more (71.4%), race/skin color white (59.0%), with eight or fewer years of schooling
(81.1%) and living with a partner (60.1%) was observed. Additionally, 29.2% had a history of
alcohol and 47.9% reported tobacco consumption (Table 2).

The risk of cancer associated with smoking, adjusted for gender, age and alcohol
consumption, was very strong for cancers of the hypopharynx, bronchi and lung, larynx,
hypopharynx, oropharynx and oral cavity. Tobacco was classified as a strong risk factor for
cancers of the esophagus and bladder. A moderate risk were observed for cancers of the anus
and anal canal, stomach, nasal cavity, middle ear and sinuses, pancreas, nasopharynx, other
parts of the biliary tract and kidney. There was a weak association with liver cancer,
gallbladder, and colon and rectum. There was no association between smoking and cancers of
the central nervous system and myeloid leukemia. For thyroid cancer, the effect of smoking
was associated with a 20% reduction in the risk of developing the disease (Table 3).

The EF results referring to cancer sites for both genders was above 50% for cancers of
the piriform sinus, larynx, hypopharynx, bronchi and lung, oropharynx, oral cavity and
esophagus. Intermediate fractions (10%-50%) were observed for cancers of the bladder,
stomach, nasal cavity, middle ear and paranasal sinuses, anus and anal canal, nasopharynx,
pancreas, other parts of biliary tract, kidney and liver. Fractions less than 10% were observed
in cancers of the colon and rectum and bladder (Table 3).
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For women, intermediate etiologic fractions were observed for cervix (20.1%), ovary
(19.9%) and vulva (18.6%). Breast and vagina was found with lower etiologic factions
(4.7%). In man, penis, testicles and prostate had fractions less than 10% (8.3%, 5.4% and
4.1%, respectively) (data not show).

Stratification of the risk of developing cancer by gender showed that men had a higher
risk of cancers in the oral cavity, hypopharynx, stomach, colon and rectum, bladder, nasal
cavity, middle ear and sinus, bladder and kidney (Table 4).

On the other hand, for women, there was a higher risk of developing cancers of the
hypopharynx, esophagus, pancreas, larynx, bronchi and lung (Table 5). For other sites
common to both genders, risks were similar in males and females. With respect to specific
cancers in males, low association was found for all sites analyzed, except for cancers of the
penis and testicles, which showed no statistically significant association with tobacco
consumption (Table 4). Among the female specific cancers, the risk was considered to be
moderate for cancers of the vulva, cervix and ovary and low for breast cancer. No statistical

significance was found for cancers of the vagina and uterine body (Table 5).
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Table 1 Cancer sites according to gender (n=231 102)
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Cancer site ICD-0-3 Male Female Total
Oral cavity C00-C08 9080 3108 12 188
Oropharynx C10 2458 435 2893
Nasopharynx Cl1 740 312 1052
Piriform sinus C12 651 59 710
Hypopharynx Cl13 1429 168 1597
Esophagus Cl15 6884 2043 8927
Stomach Cl6 6861 3508 10 369
Colon and rectum C18-C20 7813 7976 15789
Anus and anal canal C21 375 1123 1498
Liver C22 750 411 1161
Gallbladder C23 129 432 561
Other parts of the biliary tract C24 199 191 390
Pancreas C25 918 804 1722
Nasal cavity, middle ear and sinuses C30-C31 525 321 846
Larynx C32 6574 993 7567
Bronchi and lung C33-C34 10 577 4930 15507
Myeloid leukemia (morphology 9840-9930) C42 1366 1100 2466
Kidney Co4 1318 942 2260
Bladder C67 3265 1047 4312
Central nervous system C70-C72 1394 1115 2509
Thyroid C73 762 3470 4232
Breast C50 484 45 050 45 534
Vulva Cs51 - 1059 1059
Vagina C52 - 329 329
Cervix Cs3 - 28 499 28 499
Uterine body Cs4 - 3607 3607
Ovary (mucinous subtype) C56 - 340 340
Penis C60 1048 - 1048
Prostate Co6l 23991 - 23991
Testicle C62 1168 - 1168
Skin (comparison group) C44 14 959 12 012 26 971
Total - 105 718 125 384 231102

ICD-0-3: International Classification of Diseases for Oncology - Third revision
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Table 2 Socio-demographic characteristics of the study population
Variables Cases Controls
Total Male Female Total Male Female
N % N % N % N % N % N %

Age (vears)

18-24 2134 1.0 803 09 1331 1.2 153 06 82 0.5 71 0.6

25-49 56127 27.5 14321 15.8 41806 369 4761 17.7 2629 17.6 2132 17.7

50— 64 73748 36.1 34658 382 39090 34.5 7849 29.1 4629 309 3220 26.8

> 65 72119 353 40975 45.1 31144 27.5 14207 52.7 7618 50.9 6589 549
Race/skin color

White 108095 59.0 50489 61.8 57606 56.7 20068 80.6 11119 80.6 8949 80.6

Black/ Brown 74208 40.5 30792 37.7 43415 428 4751 19.1 2624 19.0 2127 19.1

Indian/ Yellow 955 05 431 05 524 0.5 83 0.3 50 0.4 33 0.3
Schooling

Illiterate 21482 14.6 8752 139 12730 152 3183 15.8 1437 12.6 1746 20.0

< 8 years 97588 66.5 43747 69.7 53811 64.1 13538 672 7798 684 5740 65.6

> 8 years 27670 189 10296 164 17374 20.7 3427 17.0 2162 19.0 1265 145
Marital status

With a partner 118502 60.1 61721 70.8 56731 51.7 15760 60.2 10187 70.2 5573 47.7

Without a partner 78 551 39.9 25448 29.2 53103 483 10436 39.8 4332 29.8 6104 523
Region of residence

North 15931 7.8 5533 6.1 10398 92 1016 3.8 597 40 419 35

Northeast 34334 169 12431 13.7 21903 194 4998 18.6 2857 19.2 2141 179

Center West 4310 2.1 1734 19 2576 23 358 1.3 199 13 159 13

Southeast 94134 463 42973 47.5 51161 453 12452 464 6932 46.5 5520 46.2

South 54765 269 27767 30.7 26998 239 8040 29.9 4320 29.0 3720 31.1
Smoking

Yes 97788 479 58342 643 39446 348 8344 309 6032 403 2312 19.2

No 106343 52.1 32417 357 73926 652 18627 69.1 8927 59.7 9700 80.8
Alcohol consumption

Yes 51752 29.2 38698 48.1 13054 13.5 4219 169 3600 263 619 55

No 125684 70.8 41716 519 83968 86.5 20750 83.1 10106 73.7 10644 94.5
Total 204 131 100 90759 44.5 113372 555 26971 100 14959 555 12012 44.5
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Table 3 Association between smoking and the development of different types of cancer and
etiologic fraction (EF) that can be attributed to smoking in both genders
Cancer site Crude OR OR adiusted* EF** (%)
OR  95%CI Pvalue OR 95%CI P value
Oral cavity 7.7 7.3-8.1 <0.001 43 4.0-45 <0.001 59.5
Oropharynx 12.0 10.8-13.3 <0.001 52 46-59 <0.001 68.1
Nasopharynx 2.4 2.1-2.7 <0.001 1.8 1.5-2.0 <0.001 22.9
Piriform sinus 19.2 15.1-244 <0.001 8.1 6.2 — <0.001 78.5
Hypopharynx 134 11.6-155 <0.001 57 48-6.7 <0.001 70.7
Esophagus 8.0 7.6-8.5 <0.001 40 3.7-42 <0.001 58.7
Stomach 2.6 24-23 <0.001 1.9 1.8-2.0 <0.001 253
Colon and rectum 1.3 1.3-14 <0.001 1.3 1.2-13 <0.001 8.5
Anus and anal canal 1.8 1.6-2.0 <0.001 2.1 1.8-23 <0.001 23.4
Liver 2.2 2.0-25 <0.001 14 12-16 <0.001 14.1
Gallbladder 1.2 09-1.5 0.621 1.3 1.0-1.6 0.03 7.4
Other parts of the biliary tract 1.8 14-22 <0.001 1.7 13-2.1 <0.001 18.2
Pancreas 1.9 1.8-2.1 <0.001 1.8 1.6-2.0 <0.001 20.7
Nasal cavity, middle ear and paranasal 2.5 22-2.8 <0.001 19 1.6-22 <0.001 24.9
Larynx 120 11.2-129 <0.001 6.3 59-6.8 <0.001 70.9
Bronchi and lung 9.3 8.8-9.7 <0.001 79 74-83 <0.001 70.4
Kidney 1.7 1.5-1.8 <0.001 1.6 14-1.7 <0.001 15.9
Bladder 3.5 33-3.7 <0.001 2.8 2.6-3.1 <0.001 39.1
Central nervous system 1.0 09-1.1 0.744 1.0 09-1.1 0.64 —
Thyroid 0.5 0.5-0.6 <0.001 0.8 0.7-0.8 <0.001 ——
Myeloid leukemia 1.0 1.0-1.1 0.213 1.0 09-1.1 0.91 ——

* Adjusted for gender, age and alcohol consumption
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Table 4 Association between smoking and the development of different types of cancer in men
Cancer site Crude OR OR adiusted*
OR 95%Cl Pvalue OR 95%CI P value

Oral cavity 7.8 73-83 <0.001 44 41-438 <0.001
Oropharynx 10.2 9.0-11.6 <0.001 53 46-6.1 <0.001
Nasopharynx 2.1 1.8-24 <0.001 1.8 1.5-21 <0.001
Piriform sinus 14.1 10.8-183 <0.001 7.8 59-10.5 <0.001
Hypopharynx 11.1 9.4-13.1 <0.001 6.1 51-73 <0.001
Esophagus 7.6 7.0-8.1 <0.001 40 3.7-43 <0.001
Stomach 25 23-2.6 <0.001 1.9 18-2.0 <0.001
Colon and rectum 1.4 14-1.5 <0.001 1.3 1.2-1.4 <0.001
Anus and anal canal 2.2 1.8-2.7 <0.001 2.1 1.6 -2.7 <0.001
Liver 22 1.9-23 <0.001 14 12-17 <0.001
Gallbladder 1.6 1.1-22 0.012 14  09-2.1 0.13
Other parts of the biliary tract 1.9 14-2.5 <0.001 1.7 1.2-2.3 0.003
Pancreas 2.0 1.8-2.3 <0.001 1.7 14-2.0 <0.001
Nasal cavity, middle ear and paranasal sinuses 2.5 2.1-23 <0.001 2.0 1.6-2.4 <0.001
Larynx 8.8 82-9.5 <0.001 5.6 5.1-6.1 <0.001
Bronchi and lung 8.9 83-94 <0.001 7.7 7.2-8.3 <0.001
Kidney 1.6 1.4-1.8 <0.001 1.7 15-19 <0.001
Bladder 3.0 28-32 <0.001 29 27-32 <0.001
Central nervous system 0.9 0.8-1.2 0.104 1.0 09-1.2 0.54
Thyroid 0.7 0.6-0.8 <0.001 0.7 0.6-09 <0.001
Myeloid leukemia 1.0 09-1.1 0.347 1.0 08-1.1 0.70
Penis 1.5 1.3-1.7 <0.001 12 1.0-14 0.06
Prostate 1.2 1.2-13 <0.001 .1 11-12 <0.001
Testicle 0.7 0.6-0.8 <0.001 1.2 1.0-14 0.13

* Adjusted for age, gender and alcohol consumption
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Table 5 Association between smoking and the development of different types of cancer in women
Cancer site Crude OR OR adiusted*

OR 95%CI Pvalue OR 95%Cl P value
Oral cavity 5.8 54-6.3 <0.001 42 3.8-4.7 <0.001
Oropharynx 8.5 6.9-104  <0.001 53 42-78 <0.001
Nasopharynx 22 1.8-2.8  <0.001 1.8 1.4-2.4 <0.001
Piriform sinus 164 87-31.0 <0.001 9.6 45-205  <0.001
Hypopharynx 7.6 55-104  <0.001 4.4 3.0-6.4 <0.001
Esophagus 6.3 57-69  <0.001 42 3.7-4.7 <0.001
Stomach 23 22-24  <0.001 1.8 1.6-2.0 <0.001
Colon and rectum 14 1.3-15 <0.001 1.2 1.1-13 <0.001
Anus and anal canal 2.7 24-3.1 <0.001 2.1 1.8-2.4 <0.001
Liver 1.9 1.5-2.3 <0.001 1.4 1.1-1.9 0.004
Gallbladder 1.5 1.2-19  <0.001 1.2 1.0-1.6 0.01
Other parts of the biliary tract 1.9 1.4-2.6 <0.001 1.7 1.2-24 0.004
Pancreas 2.1 1.8-2.5  <0.001 1.9 1.6-23 <0.001
Nasal cavity, middle ear and paranasal sinuses 2.3 1.8-2.9 <0.001 1.7 1.3-23 <0.001
Larynx 132 11.3-153 <0.001 9.8 83-11.7 <0.001
Bronchi and lung 9.6 89-104 <0.001 7.9 7.2-8.6 <0.001
Kidney 1.8 1.6-2.1  <0.001 1.4 1.2-1.7 <0.001
Bladder 3.0 2.6-34 <0.001 2.6 22-3.0 <0.001
Central nervous system 1.2 1.1-1.4 0.006 1.0 0.8-1.2 0.93
Thyroid 0.9 0.8-1.0 0.005 0.8 0.7-0.8 <0.001
Myeloid leukemia 1.3 1.1-1.5 0.001 1.0 09-1.2 0.74
Breast 1.7 1.6-1.7 <0.001 1.2 1.2-13 <0.001
Vulva 2.5 22-29  <0.001 2.0 1.7-2.4 <0.001
Vagina 1.7 1.3-2.1 <0.001 1.2 0.9-1.7 0.27
Cervix of uterus 2.8 2.7-3.0  <0.001 2.0 1.9-2.1 <0.001
Uterine body 1.0 1.0-1.1  <0.001 1.0 09-1.1 0.54
Ovary (mucinous) 2.2 1.7-2.7 <0.001 2.1 1.6-2.7 <0.001

* Adjusted for gender, age and alcohol consumption
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Discussion

While smoking is a well-established risk factor for the development of various types
of cancer’, there are few national publications that summarize the magnitude of the risk of
developing the disease in view of the specificities of the Brazilian population.

We observed very strong association between tobacco and oral cavity cancer,
oropharynx, hypopharynx, larynx and bronchi /lung. In a European study, which analyzed
2103 cases of squamous cell carcinoma of the upper aero digestive tract’, slightly lower
values than those in the current study were found for cancers of the oral cavity and
oropharynx and higher values for hypopharynx and larynx. In a meta-analysis involving 254
studies, similar relative risks (RR) for laryngeal cancer, bronchi/lung and oral cavity were
observed®.

When analyzing the risk of developing cancer of the bronchi and lung according to
gender, the present study found a higher risk associated with tobacco consumption for the
female population. However, a distinct result was described in a study involving the Japanese
population, which showed a relative risk 4.39 times greater for men and 2.79 for women’.

In the present study, we found moderate association between smoking and
nasopharyngeal cancer. Discrepant results were reported in studies of other populations. For
example, after adjusting for age, gender, smoking, drinking and family history of cancer, a
higher risk was observed in the Chinese population® while smoking conveyed no increased
risk in an Italian population for undifferentiated subtype of the disease but very high
association for differentiated cases with consumption of more than 15 cigarettes per day’.

Moderate risk was also demonstrated in this study for cases of cancers of the nasal
cavity, middle ear and sinuses compared with the general population and for gender. This
result was also revealed in another study'® that evaluated 14 563 patients and showed a
moderate risk for the general population and for both men and women. It is noteworthy that to

our knowledge, no study has considered the risk of piriform sinus cancer alone, although the

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open
14

present study showed very strong association between tobacco use and the development of
cancer in this site.

Regarding the digestive tract, an elevated risk associated with smoking was observed
for esophageal cancer with a moderate risk for cancer of the stomach and pancreas. A recent
meta-analysis described a lower risk for esophageal cancer and a similar risk for cancers of
the stomach and pancreas®.In this study, a moderate risk was found in cancers of the anus and
anal canal, but no publications discussing this association have been found. With regard to
cases of cancer of the colon and rectum, the observed association was weak, which confirms
the results of a review of 26 studies on the association between smoking and colorectal
cancer''. Furthermore, the authors also reported an association only for rectal cancer and no
association for colon cancer. Similar figures to those described here were found in a European
study involving 2741 patients'*>. However, when the authors stratified by anatomic sites,
proximal colon cancer showed an increased risk, whereas no significant increased risk was
observed for distal colon cancer.

For neoplasms of the urinary tract, moderate association with smoking was found for
cases of kidney cancer, with comparable figures in both genders. Similar findings were
reported in a meta-analysis involving 24 epidemiological studies'. The authors stressed that
the risk was proportional to tobacco consumption for both genders. Regarding the cases of
bladder cancer, strong association was found with smoking with similar results in men and
women. A case-control study involving 1586 patients showed a moderate risk of cancer, with
increasing values for low-grade superficial, high-grade superficial or invasive tumors.
Furthermore, women were at increased risk for invasive types when they consumed similar
amount of cigarettes to men'*.

Although the authors of the present study have not identified specific studies with
reference to the association between smoking and gallbladder cancer, the current results point

to weak association in the general population, although when stratified by gender, the
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association was not significant for men and was weak for women. With respect to liver
cancer, one meta-analysis evaluated the association with tobacco smoking and its
development, finding a moderate risk in this disease, which supports the IARC conclusion'.
In the present study, we found a weak association, which corroborated the findings of a
prospective cohort study conducted in Singapore with 394 patients with hepatocellular
carcinoma'®.

The results of this study showed no association between smoking and the risk of
developing cancer of the central nervous system and myeloid leukemia. Similar findings were
shown in a prospective cohort study that highlighted a lack of association with brain tumors.
However, the authors showed statistically significant association for myeloid leukemia, in
contrast to the results presented here'”.

Male genital tract cancers have not been listed® as related to tobacco. A lack of
association between these cancers and smoking was confirmed in the current study. For
prostate cancer this study showed weak association between smoking and prostate cancer. A
large prospective cohort study found a decreased risk for non-advanced disease in current
smokers, but an increased risk of fatal prostate cancer among smokers'®.

In assessing the association between smoking and developing female specific cancers,
we observed a scarcity of publications that addressed this issue in some tumor locations. For
breast cancer, despite the large number of studies, the association remains controversial.
Although it is known that cigarettes contain carcinogens that can increase the risk of
developing the disease, its antiestrogen action may be a protective factor. In the present study,
we found a weak association between smoking and breast cancer, a finding which is
supported by a study which evaluated 1240 women diagnosed with invasive breast cancer and
reported that consuming 10 or more cigarettes/day for up to 20 years increases the risk of
breast cancer by 34%'". In cases of cancer of the vulva and vagina, the association was

moderate and low, respectively. No studies that address the relationship between smoking and
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the risk of developing cancer of the vulva and vagina have been identified. For cervical

cancer, the risk was moderate, which is consistent with the review of 23 epidemiological
studies involving 13 541 women, which found an increased risk for squamous cell carcinoma,
although the same was not observed for adenocarcinoma®’. Regarding ovarian cancer, only
the mucinous subtype seems to be positively associated with tobacco use; in this study the
association for this tumor type was moderate, confirming the observations of a meta-analysis
of 910 women with mucinous and 5564 with non-mucinous ovarian cancer, in which a risk
for mucinous cases and lack of association for others subtypes was found®'. Among the
remaining specific females cancers, results of this study showed no association between
smoking and the risk of developing cancer of the uterine body. However, even when
considering the toxicity and carcinogenic effects of tobacco, the risk of endometrial cancer
appears to be reduced. In another study, a protective effect of smoking was demonstrated with
28% reduction in the risk of endometrial cancer for women who consumed 20 or more
cigarettes/day””. Furthermore, the association did not vary with menopausal status, oral
contraceptive use or hormone replacement therapy. When considering post-menopausal
women with a higher body mass index, the protective effect was even more noteworthy. A
European multicenter study involving 249 986 female smokers, of whom 619 were diagnosed
with endometrial cancer, also showed that tobacco consumption in postmenopausal women
reduces the risk of disease, while moderate risk was found in premenopausal women®.
Tobacco use appears to reduce the risk of developing thyroid cancer, but the actual
mechanism of this association needs to be better understood. Protection was observed for both
genders, similar to the results of a prospective study involving 1003 subjects that found a
protective effect of smoking with a 32% reduction in risk for the general population, 17% for
men and 37% for women. Moreover, the authors reported a decreased risk for the papillary

subtype and possibly for the follicular subtype®*.
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With regard to EF, a study with a similar design to that used here estimated the
proportion of cancer cases related to exposure to tobacco and, in line with the results of the
current study, showed values above 80% for most cancers of the respiratory tract, between
20% and 50% for digestive tract and lower urinary cancers'’. A Brazilian study also assessed
the population attributable risk between smoking and developing some types of cancers and
reported that the total elimination of smoking would reduce the risk of esophageal cancer by
54%, of lung cancer cases by 71%, and of cancer of larynx by 86%.

A limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. Moreover, we observed a high percentage of missing values for some variables.
Such potential sources of bias were minimized by the Brazilian NCI through the construction
of a web based information system, the formulation and distribution of a manual of routines
and proceedings, and the training of medical records technicians in order to standardize the
collection and inputting of information. Moreover, in its current version, the Integrator CHR
System does not store detailed information on smoking history, being impossible to estimate
the total lifetime dose or total dose in pack-years. A strong point worth mentioning is that the
association between smoking and cancer was adjusted for alcohol consumption, another
important determinant of the risk of developing cancer. Even with these limitations, the
opportunity to define the magnitude of the risk of developing cancer associated with tobacco
use and the fraction of cancers that can be attributed to its consumption by a large Brazilian
national study allowed, for the first time in the country, to give a comprehensive overview of

this association.
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Abstract

Objetives: To estimate the magnitude of association and identify the etiologic fraction (EF)

attributable to smoking in the development of different types of cancers in Brazil.

Setting: We conducted a case-control study, including 231 102 patients registered in the

Cancer Hospital Records (CHR) in the period from 1998 to 2011.

Participants: A total of 204 131 cancer cases relating to 30 topographies were compared to

26 971 cases of non-melanoma skin cancer.

Primary and secondary outcome measures: Smoking exposure was considered at the time
of hospital registration. We calculated odds ratios (OR), unadjusted and adjusted for gender,

age and alcohol consumption, with 95% confidence intervals (95%CI).

Results: After adjustment, the risk of developing cancer associated with smoking was very
high (piriform sinus, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity),
high (esophagus and bladder), moderate (anus and anal canal stomach, nasal cavity, middle
ear and paranasal sinuses, pancreas, nasopharynx, other parts of the biliary tract and kidney,
and low (liver, gall). There was no association between smoking and cancers of the central
nervous system and myeloid leukemia. For thyroid cancer there was a decreased risk of
developing the disease. The EF was higher than 50% for hypopharynx, larynx, hypopharynx,

bronchi and lung, oropharynx, oral cavity and esophagus cancers.

Conclusion: This study confirms a high risk of developing cancer of the hypopharynx,
bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder
cancer among smokers and establishes the EF attributable to smoking in the development of

different types of cancer in Brazil.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 46



Page 3 of 46

©CoO~NOUTA,WNPE

BMJ Open

Article Summary

1) Article Focus - up to three bullet points outlining the research questions or hypotheses

addressed

This is a large multicenter study, including 231,102 cancer cases diagnosed between 1998 and
2011. The aim is to analyze the association between smoking and the development of
different types of cancer and to identify the etiologic fraction related to tobacco consumption

in Brazil.

2) Key Messages - up to three bullet points outlining the key messages and significance

of the study

This study confirms a high risk of developing cancer of the hypopharynx, bronchi and lung,
larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder cancer among
smokers and establishes the EF attributable to smoking in the development of different types

of cancer in Brazil.
3) Strengths and Limitations

The limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. A strong point is that the association between smoking and cancer was adjusted for
alcohol consumption. Even with these limitations, the opportunity to define the magnitude of
the risk of developing cancer associated with tobacco use and the fraction of cancers that can
be attributed to its consumption by a large Brazilian national study allowed, for the first time

in the country, to give a comprehensive overview of this association.

What this paper adds

The first observational, multicenter study conducted in Brazil, including 231,102 cancer cases
diagnosed between 1998 and 2011, in order to assess the magnitude of the association
between smoking and the development of different types of cancer and to identify the

etiologic fraction related to tobacco consumption in Brazil.
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Introduction

According to the World Health Organization (WHO), cancer is the leading cause of
death worldwide, with approximately 27 million incident cases, 17 million deaths and 75
million people living with the disease being estimated for the year 2030".

Smoking is the main risk factor for the development of many types of cancer.
According to the International Agency for Research on Cancer (IARC), tobacco smoking is
associated with cancers of the oral cavity, oropharynx, nasopharynx, hypopharynx,
esophagus, stomach, colon and rectum, liver, pancreas, nasal cavity and paranasal sinuses,
larynx, lung, uterine cervix, ovary (mucinous), urinary bladder, kidney (body and pelvis),
ureter and bone marrow (myeloid leukemia)z. These tobacco related cancers account for
almost half of the global neoplastic disease burden. The WHO? estimates that, each year, six
million people die as a result of tobacco use and if this situation is not reversed in 2020, there
will be about 7.5 million deaths annually.

In Brazil, according to data released by the Brazilian National Cancer Institute
(INCA), tobacco use kills about 200 000 people per year. Measures adopted in the country for
tobacco control, contributed to the decline of 50% in the median prevalence of tobacco use in
the last two decades™®. Brazil has a mixed population composition with varied genetic,
epidemiologic and socio-demographic characteristics, which may result in differential
association between smoking and different types of cancer, and the empirical evidence of this
association is relatively scarce in the country. Consequently, well-designed epidemiological
studies are necessary to assess the risk of disease and the fraction of cancers that can be
attributed to tobacco use. Therefore, this study aims to estimate the magnitude of the
association between smoking and the development of different types of cancers and to

identify the etiologic fraction (EF) attributable to tobacco.
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Material and Methods

An observational study was conducted using secondary data from Cancer Hospital
Registries (CHR), provided by the Brazilian NCI through the Integrator CHR System, which
gathers information on hospitalizations for cancer in Brazil. The data were taken in September
2011 and refer to cases for which the hospital provided the initial diagnosis of cancer and/or
for which the hospital contributed to first course treatment (analytic cases), diagnosed
between 1998 and 2011 and seen in 168 reference centers for cancer treatment, accredited by
the Brazilian Government, in 24 Brazilian states.

We adopted a case-control study design. Cancer cases from 32 sites were compared to
cases of non-melanoma skin cancer, as they are not related to tobacco use and information
were available in the database. We excluded patients younger than 18 years and older than
100 years, those with no information on gender and smoking, the main purpose of this
research. Cancers with fewer than 50 cases with valid data were excluded, in order to render
the analysis more precise.

The data set collected in each case includes variables such as demographics, tumor
characteristics (cancer type, extent, location, etc.), initial treatments. and history of current
alcohol consumption (more than three times per week, independent of amount consumed).
The exposure variable was the report of habitual tobacco use and its derivatives at the time of
hospital enrollment, categorized as yes or not.

Statistical analysis was performed using the PASW Statistics software, version 18. We
conducted a descriptive analysis of the population. Percentages were calculated based on valid
data (i.e., missing data were excluded). Association between tobacco use and cancer
occurrence was analyzed using odds ratios (OR) with 95% confidence intervals (95%Cls). In
order to control for confounding factors or interactions, an adjusted analysis was performed
considering age, gender and alcohol consumption, factors associated with both exposure and

outcome. Variables completely outside the system of interest and variables only associated

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open
6

with the exposure or outcome were not included in the final model in order to avoid
unnecessary regression adjustment and improve precision of estimators. The adjusted odds
ratios were classified as: no association (OR < 1); small effect or weak association (OR 1 to
1.5), medium or moderate association (OR 1.5 to 2.5); large or strong association (OR 2.5 to
4) and very large or very strong association (OR > 4). For cancers associated with tobacco
use, we calculated the EF or the population attributable risk fraction (PARF), in order to
estimate the proportion of cancer cases that could be avoided if the population had not been
exposed to tobacco. The EF was calculated using the formula: EF=Pc(aOR-1)/aOR, where
aOR denotes the adjusted OR and Pc is the proportion of cases exposed’. Once relative risk
(RR) was replaced by OR the computing formula will approximate the excess fraction only
insofar as the odds ratio approximates the relative risk.

This study has been approved by the Ethics and Research Committee of the Brazilian

National Cancer Institute, number CAAE - 0104.0.007.000-11.

Results

A total of 204 131 cancer cases were compared with 26 971 controls. In males, there
was a predominance of prostate cancer, followed by bronchi and lung and oral cavity; in
females, breast cancer, uterine cervix, and colon and rectum were more prevalent (Table 1).

Regarding social and demographic variables, a high prevalence of patients aged 50
years or more (71.4%), race/skin color white (59.0%), with eight or fewer years of schooling
(81.1%) and living with a partner (60.1%) was observed. Additionally, 29.2% had a history of
alcohol and 47.9% reported tobacco consumption (Table 2).

The risk of cancer associated with smoking, adjusted for gender, age and alcohol
consumption, was very strong for cancers of the hypopharynx, bronchi and lung, larynx,
hypopharynx, oropharynx and oral cavity. Tobacco was classified as a strong risk factor for
cancers of the esophagus and bladder. A moderate risk were observed for cancers of the anus
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and anal canal, stomach, nasal cavity, middle ear and sinuses, pancreas, nasopharynx, other
parts of the biliary tract and kidney. There was a weak association with liver cancer,
gallbladder, and colon and rectum. There was no association between smoking and cancers of
the central nervous system and myeloid leukemia. For thyroid cancer, the effect of smoking
was associated with a 20% reduction in the risk of developing the disease (Table 3).

The EF results referring to cancer sites for both genders was above 50% for cancers of
the piriform sinus, larynx, hypopharynx, bronchi and lung, oropharynx, oral cavity and
esophagus. Intermediate fractions (10%-50%) were observed for cancers of the bladder,
stomach, nasal cavity, middle ear and paranasal sinuses, anus and anal canal, nasopharynx,
pancreas, other parts of biliary tract, kidney and liver. Fractions less than 10% were observed
in cancers of the colon and rectum and bladder (Table 3).

For women, intermediate etiologic fractions were observed for cervix (20.1%), ovary
(19.9%) and vulva (18.6%). Breast and vagina was found with lower etiologic factions
(4.7%). In man, penis, testicles and prostate had fractions less than 10% (8.3%, 5.4% and
4.1%, respectively) (data not show). Stratification of the risk of developing cancer by gender
showed that in men the highest risk were observed in the piriform sinus, bronchi and lung,
hypopharynx, oropharynx, and larynx (Table 4). On the other hand, for women, the highest
risk were for larynx, piriform sinus, bronchi and lung, oropharynx and oral cavity (Table 5).
With respect to specific cancers in males, low association was found for all sites analyzed,
except for cancers of the penis and testicles, which showed no statistically significant
association with tobacco consumption (Table 4). Among the female specific cancers, the risk
was considered to be moderate for cancers of the vulva, cervix and ovary and low for breast
cancer. No statistical significance was found for cancers of the vagina and uterine body (Table

5).
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Table 1 Cancer sites according to gender (n=231 102)

Page 8 of 46

Cancer site ICD-0-3 Male Female Total
Oral cavity C00-C08 9080 3108 12 188
Oropharynx C10 2458 435 2893
Nasopharynx Cl1 740 312 1052
Piriform sinus C12 651 59 710
Hypopharynx Ci13 1429 168 1597
Esophagus C15 6884 2043 8927
Stomach Cl6 6861 3508 10 369
Colon and rectum C18-C20 7813 7976 15789
Anus and anal canal C21 375 1123 1498
Liver C22 750 411 1161
Gallbladder C23 129 432 561
Other parts of the biliary tract C24 199 191 390
Pancreas C25 918 804 1722
Nasal cavity, middle ear and sinuses C30-C31 525 321 846
Larynx C32 6574 993 7567
Bronchi and lung C33-C34 10577 4930 15507
Myeloid leukemia (morphology 9840-9930) C42 1366 1100 2466
Kidney Co4 1318 942 2260
Bladder Co67 3265 1047 4312
Central nervous system C70-C72 1394 1115 2509
Thyroid C73 762 3470 4232
Breast C50 484 45 050 45534
Vulva Cs51 - 1059 1059
Vagina C52 - 329 329
Cervix Cs3 - 28 499 28 499
Uterine body C54 - 3607 3607
Ovary (mucinous subtype) C56 - 340 340
Penis C60 1048 - 1048
Prostate C61 23991 - 23 991
Testicle C62 1168 - 1168
Skin (comparison group) C44 14 959 12012 26971
Total - 105 718 125 384 231102

ICD-0O-3: International Classification of Diseases for Oncology - Third revision
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1
2 Table 2 Socio-demographic characteristics of the study population
3
g Variables Cases Controls
6 Total Male Female Total Male Female
7
8 N % N % N Yo N % N % N %
9

Age (vears)
10
11 18 -24 2134 1.0 803 0.9 1331 1.2 153 0.6 82 0.5 71 0.6
12
13 25-49 56127 27.5 14321 158 41806 36.9 4761 17.7 2629 17.6 2132 17.7
12’ 50 - 64 73748 36.1 34658 38.2 39090 34.5 7849 29.1 4629 30.9 3220 26.8
16 > 65 72119 353 40975 45.1 31144 27.5 14207 52.7 7618 50.9 6589 54.9
17
18 Race/skin color
;—8 White 108 095 59.0 50489 61.8 57606 56.7 20068 80.6 11119 80.6 8949 80.6
21 Black/ Brown 74208 40.5 30792 37.7 43415 42.8 4751 19.1 2624 19.0 2127 19.1
22
23 Indian/ Yellow 955 0.5 431 0.5 524 0.5 83 0.3 50 0.4 33 0.3
24 Schooling
25
26 Illiterate 21482 14.6 8752 139 12730 152 3183 158 1437 12.6 1746 20.0
27
28 < 8 years 97588 66.5 43747 69.7 53811 64.1 13538 67.2 7798 68.4 5740 65.6
gg > 8 years 27670 189 10296 16.4 17374 20.7 3427 17.0 2162 19.0 1265 14.5
31 Marital status
gé With a partner 118 502 60.1 61721 70.8 56731 51.7 15760 60.2 10187 70.2 5573 47.7
34 Without a partner 78551 39.9 25448 29.2 53103 483 10436 39.8 4332 29.8 6104 52.3
35
36 Region of residence
g; North 15931 7.8 5533 6.1 10398 9.2 1016 3.8 597 4.0 419 3.5
39 Northeast 34334 169 12431 13.7 21903 194 4998 18.6 2857 19.2 2141 179
40
41 Center West 4310 2.1 1734 1.9 2576 2.3 358 1.3 199 1.3 159 1.3
jg Southeast 94134 46.3 42973 475 51161 453 12452 46.4 6932 46.5 5520 46.2
44 South 54765 269 27767 30.7 26998 239 8040 299 4320 29.0 3720 3l1.1
45
46 Smoking
j; Yes 97788 479 58342 643 39446 34.8 8344 309 6032 40.3 2312 19.2
49 No 106343 52.1 32417 357 73926 652 18627 69.1 8927 59.7 9700 80.8
50
51 Alcohol consumption
gg Yes 51752 29.2 38698 48.1 13054 13.5 4219 169 3600 26.3 619 5.5
54 No 125684 70.8 41716 51.9 83968 86.5 20750 83.1 10106 73.7 10644 94.5
55
56 Total 204 131 100 90759 44.5 113372 55.5 26971 100 14959 55.5 12012 44.5
57
58
59
60
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Table 3 Association between smoking and the development of different types of cancer and

etiologic fraction (EF) that can be attributed to smoking in both genders

Cancer site Crude OR OR adjusted* EF** (%)
OR 95%CI Pvalue OR 95%CI P value
Oral cavity 7.7 713-8.1 <0.001 43 4.0-45 <0.001 59.5
Oropharynx 12.0 10.8-13.3 <0.001 52 46-59 <0.001 68.1
Nasopharynx 24 2.1-27 <0.001 1.8 15-2.0 <0.001 229
Piriform sinus 19.2 15.1-244 <0.001 8.1 6.2 - <0.001 78.5
Hypopharynx 134 11.6-155 <0.001 57 48-6.7 <0.001 70.7
Esophagus 80 7.6-85 <0.001 4.0 3.7-42 <0.001 58.7
Stomach 26 24-23 <0.001 19 1.8-2.0 <0.001 25.3
Colon and rectum 1.3 1.3-14 <0.001 1.3 12-13 <0.001 8.5
Anus and anal canal 1.8 1.6-2.0 <0.001 2.1 1.8-23 <0.001 234
Liver 22 20-25 <0.001 14 12-1.6 <0.001 14.1
Gallbladder 1.2 09-15 0.621 1.3 1.0-1.6 0.03 74
Other parts of the biliary tract 1.8 14-2.2 <0.001 1.7 13-2.1 <0.001 18.2
Pancreas 1.9 1.8-2.1 <0.001 1.8 1.6-2.0 <0.001 20.7
Nasal cavity, middle ear and paranasal 2.5 22-2.8 <0.001 19 16-2.2 <0.001 24.9
Larynx 120 11.2-129 <0.001 63 59-6.8 <0.001 70.9
Bronchi and lung 9.3 8.8-9.7 <0.001 79 7.4-83 <0.001 70.4
Kidney 1.7 15-18 <0.001 1.6 14-1.7 <0.001 15.9
Bladder 3.5 33-3.7 <0.001 28 2.6-3.1 <0.001 39.1
Central nervous system 1.0 09-1.1 0.744 1.0 09-1.1 0.64 —
Thyroid 05 05-06 <0.001 0.8 0.7-0.8 <0.001 —
Myeloid leukemia 1.0 1.0-1.1 0.213 1.0 09-1.1 091 -——

* Adjusted for gender, age and alcohol consumption
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1
2 Table 4 Association between smoking and the development of different types of cancer in men
3
4
5
? Cancer site Crude OR OR adjusted*
8 OR 95% CI Pvalue OR 95% CI1 P value
9
10 Oral cavity 7.8 7.3-8.3 <0.001 4.4 4.1-48 <0.001
g Oropharynx 102 90-11.6 <0001 53 46-61  <0.001
13 Nasopharynx 2.1 1.8-2.4 <0.001 1.8 1.5-2.1 <0.001
14
15 Piriform sinus 14.1 10.8 - 18.3 <0.001 7.8  59-10.5 <0.001
i? Hypopharynx 1.1 94-131 <0001 61 51-73  <0.001
18 Esophagus 7.6 7.0-8.1 <0.001 4.0 3.7-4.3 <0.001
19
20 Stomach 2.5 23-2.6 <0.001 1.9 1.8-2.0 <0.001
g; Colon and rectum 1.4 14-15 <0001 13 12-14  <0.001
23 Anus and anal canal 2.2 1.8-2.7 <0.001 2.1 1.6 -2.7 <0.001
24
25 Liver 2.2 19-23 <0.001 1.4 1.2-1.7 <0.001
g? Gallbladder 1.6 1.1-2.2 0.012 14 09-2.1 0.13
28 Other parts of the biliary tract 1.9 1.4-2.5 <0.001 1.7 1.2-2.3 0.003
29
30 Pancreas 2.0 1.8-2.3 <0.001 1.7 1.4-2.0 <0.001
31 Nasal cavity, middle ear and paranasal sinuses 2.5 2.1-23 <0.001 2.0 1.6-24 <0.001
32
33 Larynx 8.8 82-95 <0.001 56 51-6.1 <0.001
34
35 Bronchi and lung 8.9 8.3-94 <0.001 7.7 72-8.3 <0.001
36 Kidney 1.6 14-18 <0001 17 15-19  <0.001
37
38 Bladder 3.0 2.8-3.2 <0.001 2.9 2.7-3.2 <0.001
ig Central nervous system 0.9 0.8-1.2 0.104 1.0 09-1.2 0.54
41 Thyroid 0.7 0.6-0.8 <0.001 07 06-09  <0.001
42
43 Myeloid leukemia 1.0 09-1.1 0.347 1.0 0.8-1.1 0.70
jg Penis 1.5 1.3-1.7 <0.001 1.2 1.0-14 0.06
46 Prostate 1.2 1.2-1.3 <0.001 1.1 1.1-1.2 <0.001
47
48 Testicle 0.7 0.6-0.8 <0.001 1.2 1.0-14 0.13
49 * Adjusted for age and alcohol consumption
50
51
52
53
54
55
56
57
58
59
60

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open
12
Table 5 Association between smoking and the development of different types of cancer in women
Cancer site Crude OR OR adiusted*

OR 95%CI  Pvalue OR 95% CI P value
Oral cavity 5.8 54-6.3 <0.001 4.2 3.8-4.7 <0.001
Oropharynx 8.5 69-104  <0.001 53 42-78 <0.001
Nasopharynx 2.2 1.8-2.8 <0.001 1.8 14-24 <0.001
Piriform sinus 164 87-31.0 <0.001 9.6 4.5-20.5 <0.001
Hypopharynx 7.6 55-104 <0.001 4.4 3.0-64 <0.001
Esophagus 6.3 57-6.9 <0.001 4.2 3.7-4.7 <0.001
Stomach 2.3 22-24 <0.001 1.8 1.6-2.0 <0.001
Colon and rectum 1.4 1.3-1.5 <0.001 1.2 1.1-1.3 <0.001
Anus and anal canal 2.7 24-3.1 <0.001 2.1 1.8-2.4 <0.001
Liver 1.9 1.5-23 <0.001 1.4 1.1-1.9 0.004
Gallbladder 1.5 1.2-19 <0.001 1.2 1.0-1.6 0.01
Other parts of the biliary tract 1.9 14-2.6 <0.001 1.7 1.2-24 0.004
Pancreas 2.1 1.8-25 <0.001 1.9 1.6-2.3 <0.001
Nasal cavity, middle ear and paranasal sinuses 2.3 1.8-2.9 <0.001 1.7 1.3-2.3 <0.001
Larynx 132 11.3-153 <0.001 9.8 83-11.7 <0.001
Bronchi and lung 9.6 89-104 <0.001 7.9 72-8.6 <0.001
Kidney 1.8 1.6-2.1 <0.001 1.4 1.2-1.7 <0.001
Bladder 3.0 26-34 <0.001 2.6 22-3.0 <0.001
Central nervous system 1.2 1.1-14 0.006 1.0 0.8-1.2 0.93
Thyroid 0.9 0.8-1.0 0.005 0.8 0.7-0.8 <0.001
Myeloid leukemia 1.3 I.1-15 0.001 1.0 09-1.2 0.74
Breast 1.7 1.6-1.7 <0.001 1.2 1.2-13 <0.001
Vulva 2.5 22-29 <0.001 2.0 1.7-24 <0.001
Vagina 1.7 1.3-2.1 <0.001 1.2 09-1.7 0.27
Cervix of uterus 2.8 2.7-3.0 <0.001 2.0 1.9-2.1 <0.001
Uterine body 1.0 1.0-1.1 <0.001 1.0 09-1.1 0.54
Ovary (mucinous) 2.2 1.7-2.7 <0.001 2.1 1.6 -2.7 <0.001

* Adjusted for age and alcohol consumption
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Discussion

While smoking is a well-established risk factor for the development of various types
of cancer’, the magnitude of the risk varies between studies according to race and income
nation®. There are few national publications that summarize the magnitude of the risk of
developing the disease in view of the specificities of the Brazilian population.

In Brazil, a survey conducted before the beginning of this study, covering urban and
rural areas, estimated the smoking prevalence at 34.8% (43.3% among men and 27.0% among
women). Surveys carried out in subsequent periods have shown lower prevalence, which is
consistent with the figures obtained among controls in the present study4.

We observed very strong association between tobacco and oral cavity cancer,
oropharynx, hypopharynx, larynx and bronchi /lung. In a European study, which analyzed
2103 cases of squamous cell carcinoma of the upper aero digestive tract’, slightly lower
values than those in the current study were found for cancers of the oral cavity and
oropharynx and higher values for hypopharynx and larynx. In a meta-analysis involving 254
studies, similar RR for laryngeal cancer, bronchi/lung and oral cavity were observed®.

When analyzing the risk of developing cancer of the bronchi and lung according to
gender, the present study found a higher risk associated with tobacco consumption for the
female population. However, a distinct result was described in a study involving the Japanese
population, which showed a relative risk 4.39 times greater for men and 2.79 for women'".

In the present study, we found moderate association between smoking and
nasopharyngeal cancer. Discrepant results were reported in studies of other populations. For
example, after adjusting for age, gender, smoking, drinking and family history of cancer, a
higher risk was observed in the Chinese population“ while smoking conveyed no increased
risk in an Italian population for undifferentiated subtype of the disease but very high

association for differentiated cases with consumption of more than 15 cigarettes per day12.
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Moderate risk was also demonstrated in this study for cases of cancers of the nasal
cavity, middle ear and sinuses compared with the general population and for gender. This
result was also revealed in another study'® that evaluated 14 563 patients and showed a
moderate risk for the general population and for both men and women. It is noteworthy that to
our knowledge, no study has considered the risk of piriform sinus cancer alone, although the
present study showed very strong association between tobacco use and the development of
cancer in this site.

Regarding the digestive tract, an elevated risk associated with smoking was observed
for esophageal cancer with a moderate risk for cancer of the stomach and pancreas. A recent
meta-analysis described a lower risk for esophageal cancer and a similar risk for cancers of
the stomach and pancreas®. In this study, a moderate risk was found in cancers of the anus
and anal canal, but no publications discussing this association have been found. With regard
to cases of cancer of the colon and rectum, the observed association was weak, which
confirms the results of a review of 26 studies on the association between smoking and
colorectal cancer'®. Furthermore, the authors also reported an association only for rectal
cancer and no association for colon cancer. Similar figures to those described here were found
in a European study involving 2741 patientsls. However, when the authors stratified by
anatomic sites, proximal colon cancer showed an increased risk, whereas no significant
increased risk was observed for distal colon cancer.

For neoplasms of the urinary tract, moderate association with smoking was found for
cases of kidney cancer, with comparable figures in both genders. Similar findings were
reported in a meta-analysis involving 24 epidemiological studies'®. The authors stressed that
the risk was proportional to tobacco consumption for both genders. Regarding the cases of
bladder cancer, strong association was found with smoking with similar results in men and
women. A case-control study involving 1586 patients showed a moderate risk of cancer, with

increasing values for low-grade superficial, high-grade superficial or invasive tumors.
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Furthermore, women were at increased risk for invasive types when they consumed similar
amount of cigarettes to men'”.

Although the authors of the present study have not identified specific studies with
reference to the association between smoking and gallbladder cancer, the current results point
to weak association in the general population, although when stratified by gender, the
association was not significant for men and was weak for women. With respect to liver
cancer, one meta-analysis evaluated the association with tobacco smoking and its
development, finding a moderate risk in this disease, which supports the IARC conclusion'®.
In the present study, we found a weak association, which corroborated the findings of a
prospective cohort study conducted in Singapore with 394 patients with hepatocellular
carcinoma'’,

The results of this study showed no association between smoking and the risk of
developing cancer of the central nervous system and myeloid leukemia. Similar findings were
shown in a prospective cohort study that highlighted a lack of association with brain tumors.
However, the authors showed statistically significant association for myeloid leukemia, in
contrast to the results presented here®.

Male genital tract cancers have not been listed” as related to tobacco. A lack of
association between these cancers and smoking was confirmed in the current study. For
prostate cancer this study showed weak association between smoking and prostate cancer. A
large prospective cohort study found a decreased risk for non-advanced disease in current
smokers, but an increased risk of fatal prostate cancer among smokers>'.

In assessing the association between smoking and developing female specific cancers,
we observed a scarcity of publications that addressed this issue in some tumor locations. For
breast cancer, despite the large number of studies, the association remains controversial.

Although it is known that cigarettes contain carcinogens that can increase the risk of

developing the disease, its antiestrogen action may be a protective factor. In the present study,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

16
we found a weak association between smoking and breast cancer, a finding which is
supported by a study which evaluated 1240 women diagnosed with invasive breast cancer and
reported that consuming 10 or more cigarettes/day for up to 20 years increases the risk of
breast cancer by 34%%. In cases of cancer of the vulva and vagina, the association was
moderate and low, respectively. No studies that address the relationship between smoking and
the risk of developing cancer of the vulva and vagina have been identified. For cervical
cancer, the risk was moderate, which is consistent with the review of 23 epidemiological
studies involving 13 541 women, which found an increased risk for squamous cell carcinoma,
although the same was not observed for adenocarcinoma®. Regarding ovarian cancer, only
the mucinous subtype seems to be positively associated with tobacco use; in this study the
association for this tumor type was moderate, confirming the observations of a meta-analysis
of 910 women with mucinous and 5564 with non-mucinous ovarian cancer, in which a risk
for mucinous cases and lack of association for others subtypes was found™. Among the
remaining specific females cancers, results of this study showed no association between
smoking and the risk of developing cancer of the uterine body. However, even when
considering the toxicity and carcinogenic effects of tobacco, the risk of endometrial cancer
appears to be reduced. In another study, a protective effect of smoking was demonstrated with
28% reduction in the risk of endometrial cancer for women who consumed 20 or more
cigarettes/day”. Furthermore, the association did not vary with menopausal status, oral
contraceptive use or hormone replacement therapy. When considering post-menopausal
women with a higher body mass index, the protective effect was even more noteworthy. A
European multicenter study involving 249 986 female smokers, of whom 619 were diagnosed
with endometrial cancer, also showed that tobacco consumption in postmenopausal women
reduces the risk of disease, while moderate risk was found in premenopausal women®.
Tobacco use appears to reduce the risk of developing thyroid cancer, but the actual

mechanism of this association needs to be better understood. Protection was observed for both
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genders, similar to the results of a prospective study involving 1003 subjects that found a
protective effect of smoking with a 32% reduction in risk for the general population, 17% for
men and 37% for women. Moreover, the authors reported a decreased risk for the papillary
subtype and possibly for the follicular subtype:27.

With regard to EF, a study with a similar design to that used here estimated the
proportion of cancer cases related to exposure to tobacco and, in line with the results of the
current study, showed values above 80% for most cancers of the respiratory tract, between
20% and 50% for digestive tract and lower urinary cancers'". A Brazilian study also assessed
the population attributable risk between smoking and developing some types of cancers and
reported that the total elimination of smoking would reduce the risk of esophageal cancer by
54%, of lung cancer cases by 71%, and of cancer of larynx by 86%".

A limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. Moreover, we observed a high percentage of missing values for some variables.
Such potential sources of bias were minimized by the Brazilian NCI through the construction
of a web based information system, the formulation and distribution of a manual of routines
and proceedings, and the training of medical records technicians in order to standardize the
collection and inputting of information. In addition, in its current version, the Integrator CHR
System does not store detailed information on smoking history, being impossible to estimate
the total lifetime dose or total dose in pack-years. Another limitation is that we used as control
non-melanoma skin cancers that may have different behaviors in cases and controls taking
into consideration skin color, ethnic origin and geographical precedence.

A strong point worth mentioning is that the association between smoking and cancer
was adjusted for alcohol consumption, another important determinant of the risk of
developing cancer. Even with these limitations, the opportunity to define the magnitude of the

risk of developing cancer associated with tobacco use and the fraction of cancers that can be

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open
18

attributed to its consumption by a large Brazilian national study allowed, for the first time
in the country, a comprehensive overview of this association.

In conclusion, this study confirms a high risk of developing cancer of the
hypopharynx, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus
and bladder cancer among smokers and establishes the EF attributable to smoking in the

development of different types of cancer in Brazil.
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6 Article Summary
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8 1) Article Focus - up to three bullet points outlining the research questions or hypotheses

20 addressed

11 This is a large multicenter study, including 231,102 cancer cases diagnosed between 1998 and

ig 2011. The aim is to analyze the association between smoking and the development of

14 different types of cancer and to identify the etiologic fraction related to tobacco consumption

ig in Brazil.

ig 2) Key Messages - up to three bullet points outlining the key messages and significance
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20 . L . .

21 This study confirms a high risk of developing cancer of the hypopharynx, bronchi and lung,

22 larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder cancer among

gi smokers and establishes the EF attributable to smoking in the development of different types

25 of cancer in Brazil.

26

27 3) Strengths and Limitations

28

29 The limitation of this study is that it is based on analysis of secondary data, with data

30 collected in a large number of cancer treatment centers, making it difficult to standardize data
1

22 collection. A strong point is that the association between smoking and cancer was adjusted for

33 alcohol consumption. Even with these limitations, the opportunity to define the magnitude of

gg the risk of developing cancer associated with tobacco use and the fraction of cancers that can

36 be attributed to its consumption by a large Brazilian national study allowed, for the first time

g; in the country, to give a comprehensive overview of this association.
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Abstract

Objetives: To estimate the magnitude of association and identify the etiologic fraction (EF)

attributable to smoking in the development of different types of cancers in Brazil.

patients registered in the Cancer Hospital Records (CHR) in the period from 1998 to 2011.

Participants: A total of 204 131 cancer cases relating to 30 topographies were compared to

a- TOIMIRTATMEe A e Yo eY D oD MO e oo I Y Y oR o YE Ty MY P Y

26 971 cases of non-melanoma skin cancer.

of hospital registration. We calculated odds ratios (OR), unadjusted and adjusted for gender,

age and alcohol consumption, with 95% confidence intervals (95%CI).

Results: After adjustment, the risk of developing cancer associated with smoking was very
high (piriform sinus, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity),
high (esophagus and bladder), moderate (anus and anal canal stomach, nasal cavity, middle
ear and paranasal sinuses, pancreas, nasopharynx, other parts of the biliary tract and kidney,
and low (liver, gall). There was no association between smoking and cancers of the central
nervous system and myeloid leukemia. For thyroid cancer there was a decreased risk of
developing the disease. The EF was higher than 50% for hypopharynx, larynx, hypopharynx,

bronchi and lung, oropharynx, oral cavity and esophagus cancers.

Conclusion: This study confirms a high risk of developing cancer of the hypopharynx,
bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder
cancer among smokers and establishes the EF attributable to smoking in the development of

different types of cancer in Brazil.
Key words: Neoplasms, Tobacco, Risk Factors, Epidemiology

What this paper adds

The first observational, multicenter study conducted in Brazil, including 231,102 cancer cases
diagnosed between 1998 and 2011, in order to assess the magnitude of the association
between smoking and the development of different types of cancer and to identify the

etiologic fraction related to tobacco consumption in Brazil.
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Introduction

According to the World Health Organization (WHO), cancer is the leading cause of

©CoO~NOUTA,WNPE

death worldwide, with approximately 27 million incident cases, 17 million deaths and 75
million people living with the disease being estimated for the year 2030'.

Smoking is the main risk factor for the development of many types of cancer.
16 According to the International Agency for Research on Cancer (IARC), tobacco smoking is
18 associated with cancers of the oral cavity, oropharynx, nasopharynx, hypopharynx,
20 esophagus, stomach, colon and rectum, liver, pancreas, nasal cavity and paranasal sinuses,
22 larynx, lung, uterine cervix, ovary (mucinous), urinary bladder, kidney (body and pelvis),
24 ureter and bone marrow (myeloid leukemia)’. These tobacco related cancers account for
26 almost half of the global neoplastic disease burden. The WHO? estimates that, each year, six
28 million people die as a result of tobacco use and if this situation is not reversed in 2020, there
30 will be about 7.5 million deaths annually.
32 In Brazil, according to data released by the Brazilian National Cancer Institute
34 (INCA), tobacco use kills about 200 000 people per year. Measures adopted in the country for
36 tobacco control, contributed to the decline of 50% in the median prevalence of tobacco use in
the last two decades™®. Brazil has a mixed population composition with varied genetic,
epidemiologic and socio-demographic characteristics, which may result in differential
association between smoking and different types of cancer, and the empirical evidence of this
43 association is relatively scarce in the country. Consequently, well-designed epidemiological
45 studies are necessary to assess the risk of disease and the fraction of cancers that can be
47 attributed to tobacco use. Therefore, this study aims to estimate the magnitude of the
49 association between smoking and the development of different types of cancers and to

51 identify the etiologic fraction (EF) attributable to tobacco.
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Material and Methods

An observational study was conducted using secondary data from Cancer Hospital
Registries (CHR), provided by the Brazilian NCI through the Integrator CHR System, which
gathers information on hospitalizations for cancer in Brazil. The data were taken in September
2011 and refer to cases for which the hospital provided the initial diagnosis of cancer and/or
for which the hospital contributed to first course treatment (analytic cases), diagnosed

between 1998 and 2011 and seen in 168 reference centers for cancer treatment, accredited by

the Brazilian Government, hespitals-in 24 Brazilian states.

We adopted a case-ease—control study design. Cancer cases from 32 sites were
compared to cases of non-melanoma skin cancer, as they are not related to tobacco use_and

information were available in the database. We excluded patients younger than 18 years and

older than 100 years, those with no information on gender and smoking, the main purpose of
this research. Cancers with fewer than 50 cases with valid data were excluded, in order to
render the analysis more precise.

We—analyzed The data set collected in each case includes variables such as

demographics, tumor characteristics (cancer type, extent, location, etc.), initial

treatments.seeio-demeosraphie—variables; and history of tebacee—and current alcohol

consumption_(more than three times per week, independent of amount consumed). at-the-time

of-hospital-enrellment: The exposure variable was the report of habitual tobacco use and its

derivatives at the time of hospital enrollment, categorized as yes or not.

Statistical analysis was performed using the PASW Statistics software, version 18. We

conducted a descriptive analysis of the population. Percentages were calculated based on valid

data (i.e., missing data were excluded). Association between tobacco use and cancer

occurrence was analyzed using odds ratios (OR) with 95% confidence intervals (95%Cls). In
order to control for confounding factors or interactions, an adjusted analysis was performed

considering age, gender and alcohol consumption, factors associated with both exposure and
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outcome. Variables completely outside the system of interest and variables only associated

with the exposure or outcome were not included in the final model in order to avoid

unnecessary regression adjustment and improve precision of estimators. The adjusted odds

ratios were classified as: no association (OR < 1); small effect or weak association (OR 1 to
1.5), medium or moderate association (OR 1.5 to 2.5); large or strong association (OR 2.5 to
4) and very large or very strong association (OR > 4). For cancers associated with tobacco
use, we calculated the EF or the population attributable risk fraction (PARF), in order to
estimate the proportion of cancer cases that could be avoided if the population had not been
exposed to tobacco. The EF was calculated using the formula: EF=Pc(aOR-1)/aOR, where
aOR denotes the adjusted OR and Pc is the proportion of cases exposed’. Once relative risk
(RR) was replaced by OR the computing formula will approximate the excess fraction only
insofar as the odds ratio approximates the relative risk.

This study has been approved by the Ethics and Research Committee of the Brazilian

National Cancer Institute, number CAAE - 0104.0.007.000-11.

Results

A total of 204 131 cancer cases were compared with 26 971 controls. In males, there
was a predominance of prostate cancer, followed by bronchi and lung and oral cavity; in
females, breast cancer, uterine cervix, and colon and rectum were more prevalent (Table 1).

Regarding social and demographic variables, a high prevalence of patients aged 50
years or more (71.4%), race/skin color white (59.0%), with eight or fewer years of schooling
(81.1%) and living with a partner (60.1%) was observed. Additionally, 29.2% had a history of
alcohol and 47.9% reported tobacco consumption (Table 2).

The risk of cancer associated with smoking, adjusted for gender, age and alcohol
consumption, was very strong for cancers of the hypopharynx, bronchi and lung, larynx,

hypopharynx, oropharynx and oral cavity. Tobacco was classified as a strong risk factor for

- { Formatted
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cancers of the esophagus and bladder. A moderate risk were observed for cancers of the anus
and anal canal, stomach, nasal cavity, middle ear and sinuses, pancreas, nasopharynx, other
parts of the biliary tract and kidney. There was a weak association with liver cancer,
gallbladder, and colon and rectum. There was no association between smoking and cancers of
the central nervous system and myeloid leukemia. For thyroid cancer, the effect of smoking
was associated with a 20% reduction in the risk of developing the disease (Table 3).

The EF results referring to cancer sites for both genders was above 50% for cancers of
the piriform sinus, larynx, hypopharynx, bronchi and lung, oropharynx, oral cavity and
esophagus. Intermediate fractions (10%-50%) were observed for cancers of the bladder,
stomach, nasal cavity, middle ear and paranasal sinuses, anus and anal canal, nasopharynx,
pancreas, other parts of biliary tract, kidney and liver. Fractions less than 10% were observed
in cancers of the colon and rectum and bladder (Table 3).

For women, intermediate etiologic fractions were observed for cervix (20.1%), ovary
(19.9%) and vulva (18.6%). Breast and vagina was found with lower etiologic factions
(4.7%). In man, penis, testicles and prostate had fractions less than 10% (8.3%, 5.4% and
4.1%, respectively) (data not show).

Stratification of the risk of developing cancer by gender showed that in men had-a-the

highestr risk ef-eaneers—were observed in the piriform sinus, bronchi and lung.eral-eavity;

hypopharynx, oropharynx, and larynx 5 5 . iy

bddbeenmendaime B ledderand idn o (Table 4).
On the other hand, for women, the highest risk were for there—was-a—higher—risk—of

developing—eaneers—of the—larynx, piriform sinus, bronchi and lung, oropharynx and oral
s (Table 5). For-othersites

common-to-both-genders, risks-were similar-in-males-and females.-With respect to specific

cancers in males, low association was found for all sites analyzed, except for cancers of the

penis and testicles, which showed no statistically significant association with tobacco
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consumption (Table 4). Among the female specific cancers, the risk was considered to be

moderate for cancers of the vulva, cervix and ovary and low for breast cancer. No statistical

©CoO~NOUTA,WNPE

10 significance was found for cancers of the vagina and uterine body (Table 5).
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Table 1 Cancer sites according to gender (n=231 102)
Cancer site ICD-0-3 Male Female Total
Oral cavity C00-C08 9080 3108 12 188
Oropharynx C10 2458 435 2893
Nasopharynx Cl1 740 312 1052
Piriform sinus C12 651 59 710
Hypopharynx Cl13 1429 168 1597
Esophagus C15 6884 2043 8927
Stomach Cl16 6861 3508 10 369
Colon and rectum C18-C20 7813 7976 15789
Anus and anal canal C21 375 1123 1498
Liver C22 750 411 1161
Gallbladder C23 129 432 561
Other parts of the biliary tract C24 199 191 390
Pancreas C25 918 804 1722
Nasal cavity, middle ear and sinuses C30-C31 525 321 846
Larynx C32 6574 993 7567
Bronchi and lung C33-C34 10577 4930 15507
Myeloid leukemia (morphology 9840-9930) C42 1366 1100 2466
Kidney Co4 1318 942 2260
Bladder Co7 3265 1047 4312
Central nervous system C70-C72 1394 1115 2509
Thyroid C73 762 3470 4232
Breast C50 484 45 050 45 534
Vulva Cs1 - 1059 1059
Vagina C52 - 329 329
Cervix C53 - 28 499 28 499
Uterine body C54 - 3607 3607
Ovary (mucinous subtype) C56 - 340 340
Penis C60 1048 - 1048
Prostate Col 23991 - 23991
Testicle Cce2 1168 - 1168
Skin (comparison group) C44 14 959 12 012 26971
Total - 105 718 125 384 231102

ICD-O-3: International Classification of Diseases for Oncology - Third revision
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2

3

4 10

5

6 Table 2 Socio-demographic characteristics of the study population

7

8 Variables Cases Controls

20 Total Male Female Total Male Female

11 N % N % N % N % N % N %
ig Age (vears)

14 18-24 2134 1.0 803 0.9 1331 1.2 153 0.6 82 0.5 71 0.6
15 25-49 56127 27.5 14321 15.8 41806 36.9 4761 17.7 2629 17.6 2132 17.7
16

17 50-64 73748 36.1 34658 38.2 39090 34.5 7849 29.1 4629 309 3220 26.8
18 > 65 72119 353 40975 45.1 31144 27.5 14207 527 7618 509 6589 549
;‘g Race/skin color

21 White 108 095 59.0 50489 61.8 57606 56.7 20068 80.6 11119 80.6 8949 80.6
5:23 Black/ Brown 74208 40.5 30792 37.7 43415 42.8 4751 19.1 2624 19.0 2127 19.1
24 Indian/ Yellow 955 0.5 431 0.5 524 0.5 83 0.3 50 0.4 33 0.3
25 Schooling

26

27 Illiterate 21482 146 8752 139 12730 152 3183 158 1437 12.6 1746 20.0
28 <8 years 97588 66.5 43747 69.7 53811 64.1 13538 672 7798 684 5740 65.6
gg > 8 years 27670 18.9 10296 16.4 17374 20.7 3427 17.0 2162 19.0 1265 14.5
31 Marital status

gé With a partner 118502 60.1 61721 70.8 56731 51.7 15760 60.2 10187 70.2 5573 47.7
34 Without a partner 78 551 399 25448 29.2 53103 483 10436 39.8 4332 29.8 6104 523
35 Region of residence

36

37 North 15931 7.8 5533 6.1 10398 92 1016 3.8 597 4.0 419 3.5
38 Northeast 34334 169 12431 13.7 21903 194 4998 18.6 2857 19.2 2141 179
39

40 Center West 4310 2.1 1734 19 2576 2.3 358 1.3 199 1.3 159 1.3
41 Southeast 94134 463 42973 47.5 51161 453 12452 464 6932 46.5 5520 46.2
jg South 54765 269 27767 30.7 26998 239 8040 299 4320 29.0 3720 31.1
44 Smoking

42 Yes 97788 479 58342 643 39446 34.8 8344 309 6032 403 2312 19.2
4

47 No 106343 52.1 32417 357 73926 652 18627 69.1 8927 59.7 9700 80.8
48 Alcohol consumption

49

50 Yes 51752 29.2 38698 48.1 13054 13.5 4219 169 3600 263 619 5.5
51 No 125684 70.8 41716 51.9 83968 86.5 20750 83.1 10106 73.7 10644 94.5
52

53 Total 204 131 100 90759 44.5 113372 55.5 26971 100 14959 555 12012 445
54

55

56

57

58

59

60
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Table 3 Association between smoking and the development of different types of cancer and

etiologic fraction (EF) that can be attributed to smoking in both genders

Cancer site Crude OR OR adiusted* EF** (%)
OR  95%CI P value OR 95%CI P value
Oral cavity 77 13-8.1 <0.001 43 4.0-45 <0.001 59.5
Oropharynx 12.0 10.8-133 <0.001 52 4.6-59 <0.001 68.1
Nasopharynx 24 21-27 <0.001 1.8 1.5-2.0 <0.001 22.9
Piriform sinus 19.2 15.1-244 <0.001 8.1 6.2 — <0.001 78.5
Hypopharynx 134 11.6-155 <0.001 57 48-6.7 <0.001 70.7
Esophagus 80 7.6-85 <0.001 4.0 3.7-42 <0.001 58.7
Stomach 26 24-23 <0.001 19 1.8-2.0 <0.001 253
Colon and rectum 1.3 1.3-14 <0.001 13 12-13 <0.001 8.5
Anus and anal canal 1.8 1.6-2.0 <0.001 2.1 1.8-23 <0.001 234
Liver 22 20-25 <0.001 14 12-1.6 <0.001 14.1
Gallbladder 12 09-15 0.621 1.3 1.0-1.6 0.03 7.4
Other parts of the biliary tract 1.8 14-22 <0.001 1.7 13-2.1 <0.001 18.2
Pancreas 1.9 1.8-2.1 <0.001 1.8 1.6-2.0 <0.001 20.7
Nasal cavity, middle ear and paranasal 2.5 22-28 <0.001 19 16-2.2 <0.001 24.9
Larynx 120 11.2-129 <0.001 63 59-6.8 <0.001 70.9
Bronchi and lung 9.3 8.8-9.7 <0.001 79 74-83 <0.001 70.4
Kidney 1.7 15-18 <0.001 1.6 14-17 <0.001 15.9
Bladder 35 33-37 <0.001 2.8 26-3.1 <0.001 39.1
Central nervous system 1.0 09-1.1 0.744 1.0 09-1.1 0.64 ———
Thyroid 05 05-0.6 <0.001 0.8 0.7-0.8 <0.001 ——
Myeloid leukemia 1.0 1.0-1.1 0.213 1.0 09-1.1 091 R—

* Adjusted for gender, age and alcohol consumption
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1
2
3
4 12
5
6 Table 4 Association between smoking and the development of different types of cancer in men
7
8
9
10 Cancer site Crude OR OR adijusted*
11 OR 95%CI Pvalue OR  95%CI P value
12
13 Oral cavity 7.8 73-83 <0.001 44 41-48  <0.001
14 Oropharynx 10.2 90-11.6 <0.001 53 46-61  <0.001
ig Nasopharynx 2.1 1.8-2.4 <0.001 1.8 15-21  <0.001
17 Piriform sinus 14.1 10.8-183 <0.001 7.8 59-105  <0.001
18 Hypopharynx 111 94-131 <0001 61 51-73  <0.001
19
20 Esophagus 7.6 7.0-8.1 <0.001 4.0 3.7-43  <0.001
21 Stomach 2.5 23-26 <0.001 19 1.8-20  <0.001
22
olon and rectum ” A= 1. <0. . L= L <0.
23 Col d 1.4 14-15 0.001 13 12-14 0.001
24 Anus and anal canal 2.2 1.8-2.7 <0.001 2.1 1.6-27 <0.001
gg Liver 22 1.9-2.3 <0.001 14 12-17  <0.001
27 Gallbladder 1.6 1.1-22 0012 14 09-21 0.13
ther parts of the biliary tract . 4-2. <0. . 2-2. .
gg Oth f the bili 1.9 14-25 0.001 17 12-23 0.003
ancreas . O -2 <0. . G — 2. <0.
30 P 2.0 1.8-23 0.001 1.7 14-20 0.001
31 Nasal cavity, middle ear and paranasal sinuses 2.5 2.1-23 <0.001 2.0 1.6-2.4 <0.001
32
33 Larynx 8.8 82-95 <0.001 5.6 51-6.1  <0.001
34 Bronchi and lung 8.9 8.3-9.4 <0.001 7.7 72-83 <0.001
gg Kidney 1.6 14-138 <0.001 17 15-19  <0.001
37 Bladder 3.0 2.8-32 <0.001 29 27-32  <0.001
gg Central nervous system 0.9 0.8-1.2 0.104 1.0 09-1.2 0.54
40 Thyroid 0.7 0.6-0.8 <0.001 0.7 06-0.9  <0.001
41 Myeloid leukemia 1.0 09-1.1 0347 10 08-1.1 0.70
42
43 Penis 1.5 13-1.7 <0.001 12 1.0-14 0.06
44 Prostate 12 12-13 <0001 1.1 1.1-12  <0.001
45
46 Testicle 0.7 0.6-0.8 <0.001 12 1.0-14 0.13
47 * Adjusted for age;-gender- and alcohol consumption
48
49
50
51
52
53
54
55
56
57
58
59
60
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Table 5 Association between smoking and the development of different types of cancer in women
Cancer site Crude OR OR adiusted*

OR 95%CI Pvalue OR 95%CI P value
Oral cavity 5.8 54-63  <0.001 42 3.8-4.7 <0.001
Oropharynx 8.5 6.9-104  <0.001 5.3 42-738 <0.001
Nasopharynx 2.2 1.8-2.8 <0.001 1.8 14-24 <0.001
Piriform sinus 164 87-31.0 <0.001 9.6 45-205 <0.001
Hypopharynx 7.6 55-104  <0.001 4.4 3.0-64 <0.001
Esophagus 6.3 57-6.9  <0.001 4.2 3.7-47 <0.001
Stomach 23 22-24  <0.001 1.8 1.6-2.0 <0.001
Colon and rectum 1.4 13-1.5 <0.001 1.2 1.1-13 <0.001
Anus and anal canal 2.7 24-3.1 <0.001 2.1 1.8-2.4 <0.001
Liver 1.9 1.5-23  <0.001 1.4 1.1-19 0.004
Gallbladder 1.5 12-19  <0.001 1.2 1.0-1.6 0.01
Other parts of the biliary tract 1.9 1.4-2.6 <0.001 1.7 1.2-24 0.004
Pancreas 2.1 1.8-25  <0.001 1.9 1.6-23 <0.001
Nasal cavity, middle ear and paranasal sinuses 2.3 1.8-2.9 <0.001 1.7 1.3-23 <0.001
Larynx 132 11.3-153 <0.001 9.8 83-11.7 <0.001
Bronchi and lung 9.6 8.9-104  <0.001 7.9 72-8.6 <0.001
Kidney 1.8 1.6—-2.1  <0.001 1.4 1.2-1.7 <0.001
Bladder 3.0 26-34  <0.001 2.6 22-3.0 <0.001
Central nervous system 1.2 1.1-14 0.006 1.0 08-12 0.93
Thyroid 0.9 0.8-1.0 0.005 0.8 0.7-0.8 <0.001
Myeloid leukemia 1.3 1.1-1.5 0.001 1.0 09-12 0.74
Breast 1.7 1.6-1.7  <0.001 1.2 1.2-13 <0.001
Vulva 2.5 22-29  <0.001 2.0 1.7-24 <0.001
Vagina 1.7 1.3-2.1 <0.001 1.2 09-1.7 0.27
Cervix of uterus 2.8 27-3.0 <0.001 2.0 1.9-2.1 <0.001
Uterine body 1.0 1.0-1.1  <0.001 1.0 09-1.1 0.54
Ovary (mucinous) 2.2 1.7-2.7 <0.001 2.1 1.6-2.7 <0.001

* Adjusted for-gender; age and alcohol consumption
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6 Discussion

7

g While smoking is a well-established risk factor for the development of various types
12 of cancerS, the magnitude of the risk varies between studies according to race and income
ig nation®. ¢There are few national publications that summarize the magnitude of the risk of
1;1 developing the disease in view of the specificities of the Brazilian population.

i? In Brazil, a survey conducted before the beginning of this study, covering urban and
18 rural areas, estimated the smoking prevalence at 34.8% (43.3% among men and 27.0% among
19

20 women). Surveys carried out in subsequent periods have shown lower prevalence, which is
21

22 consistent with the figures obtained among controls in the present study”.

23

24 We observed very strong association between tobacco and oral cavity cancer,
25

26 oropharynx, hypopharynx, larynx and bronchi /lung. In a European study, which analyzed
27

28 2103 cases of squamous cell carcinoma of the upper aero digestive tract”, slightly lower
29

30 values than those in the current study were found for cancers of the oral cavity and
31

32 oropharynx and higher values for hypopharynx and larynx. In a meta-analysis involving 254
33

34 studies, similar relative—risks(RR) for laryngeal cancer, bronchi/lung and oral cavity were
gg observed™.

g; When analyzing the risk of developing cancer of the bronchi and lung according to
39 gender, the present study found a higher risk associated with tobacco consumption for the
40

j; female population. However, a distinct result was described in a study involving the Japanese
ji population, which showed a relative risk 4.39 times greater for men and 2.79 for women'"’.
45 In the present study, we found moderate association between smoking and
46

47 nasopharyngeal cancer. Discrepant results were reported in studies of other populations. For
48

49 example, after adjusting for age, gender, smoking, drinking and family history of cancer, a
50

51 ‘ higher risk was observed in the Chinese population* while smoking conveyed no increased
52

53 risk in an Italian population for undifferentiated subtype of the disease but very high
54

55 ‘ association for differentiated cases with consumption of more than 15 cigarettes per day'®’.

56

57
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Moderate risk was also demonstrated in this study for cases of cancers of the nasal
cavity, middle ear and sinuses compared with the general population and for gender. This
result was also revealed in another study'” that evaluated 14 563 patients and showed a
moderate risk for the general population and for both men and women. It is noteworthy that to
our knowledge, no study has considered the risk of piriform sinus cancer alone, although the
present study showed very strong association between tobacco use and the development of
cancer in this site.

Regarding the digestive tract, an elevated risk associated with smoking was observed
for esophageal cancer with a moderate risk for cancer of the stomach and pancreas. A recent
meta-analysis described a lower risk for esophageal cancer and a similar risk for cancers of
the stomach and pancreas™. In this study, a moderate risk was found in cancers of the anus
and anal canal, but no publications discussing this association have been found. With regard
to cases of cancer of the colon and rectum, the observed association was weak, which
confirms the results of a review of 26 studies on the association between smoking and
colorectal cancer'™. Furthermore, the authors also reported an association only for rectal
cancer and no association for colon cancer. Similar figures to those described here were found
in a European study involving 2741 patients'>. However, when the authors stratified by
anatomic sites, proximal colon cancer showed an increased risk, whereas no significant
increased risk was observed for distal colon cancer.

For neoplasms of the urinary tract, moderate association with smoking was found for
cases of kidney cancer, with comparable figures in both genders. Similar findings were

138 The authors stressed that

reported in a meta-analysis involving 24 epidemiological studies
the risk was proportional to tobacco consumption for both genders. Regarding the cases of
bladder cancer, strong association was found with smoking with similar results in men and

women. A case-control study involving 1586 patients showed a moderate risk of cancer, with

increasing values for low-grade superficial, high-grade superficial or invasive tumors.
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6 Furthermore, women were at increased risk for invasive types when they consumed similar

7

8 amount of cigarettes to men'*’.

9

10 Although the authors of the present study have not identified specific studies with
11

12 reference to the association between smoking and gallbladder cancer, the current results point
13 L . .

14 to weak association in the general population, although when stratified by gender, the
15 . . o . .
16 association was not significant for men and was weak for women. With respect to liver
ig cancer, one meta-analysis evaluated the association with tobacco smoking and its
;'g ‘ development, finding a moderate risk in this disease, which supports the IARC conclusion'*.
g;' In the present study, we found a weak association, which corroborated the findings of a
gi prospective cohort study conducted in Singapore with 394 patients with hepatocellular
25 carcinoma'®.

26

27 The results of this study showed no association between smoking and the risk of
28

29 developing cancer of the central nervous system and myeloid leukemia. Similar findings were
30

31 shown in a prospective cohort study that highlighted a lack of association with brain tumors.
32

33 However, the authors showed statistically significant association for myeloid leukemia, in
34

35 contrast to the results presented here””".

36

37 Male genital tract cancers have not been listed” as related to tobacco. A lack of
38

39 association between these cancers and smoking was confirmed in the current study. For
40 . - .

41 prostate cancer this study showed weak association between smoking and prostate cancer. A
42 . . . .

43 large prospective cohort study found a decreased risk for non-advanced disease in current
jg smokers, but an increased risk of fatal prostate cancer among smokers®**,

jg In assessing the association between smoking and developing female specific cancers,
jg we observed a scarcity of publications that addressed this issue in some tumor locations. For
22 breast cancer, despite the large number of studies, the association remains controversial.
52 Although it is known that cigarettes contain carcinogens that can increase the risk of
53

54 developing the disease, its antiestrogen action may be a protective factor. In the present study,
55

56

57

58
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we found a weak association between smoking and breast cancer, a finding which is
supported by a study which evaluated 1240 women diagnosed with invasive breast cancer and
reported that consuming 10 or more cigarettes/day for up to 20 years increases the risk of
breast cancer by 34%"*". In cases of cancer of the vulva and vagina, the association was
moderate and low, respectively. No studies that address the relationship between smoking and
the risk of developing cancer of the vulva and vagina have been identified. For cervical
cancer, the risk was moderate, which is consistent with the review of 23 epidemiological
studies involving 13 541 women, which found an increased risk for squamous cell carcinoma,
although the same was not observed for adenocarcinoma™"”. Regarding ovarian cancer, only
the mucinous subtype seems to be positively associated with tobacco use; in this study the
association for this tumor type was moderate, confirming the observations of a meta-analysis
of 910 women with mucinous and 5564 with non-mucinous ovarian cancer, in which a risk
for mucinous cases and lack of association for others subtypes was found***. Among the
remaining specific females cancers, results of this study showed no association between
smoking and the risk of developing cancer of the uterine body. However, even when
considering the toxicity and carcinogenic effects of tobacco, the risk of endometrial cancer
appears to be reduced. In another study, a protective effect of smoking was demonstrated with
28% reduction in the risk of endometrial cancer for women who consumed 20 or more

cigarettes/day**

. Furthermore, the association did not vary with menopausal status, oral
contraceptive use or hormone replacement therapy. When considering post-menopausal
women with a higher body mass index, the protective effect was even more noteworthy. A
European multicenter study involving 249 986 female smokers, of whom 619 were diagnosed
with endometrial cancer, also showed that tobacco consumption in postmenopausal women
reduces the risk of disease, while moderate risk was found in premenopausal women®*’.

Tobacco use appears to reduce the risk of developing thyroid cancer, but the actual

mechanism of this association needs to be better understood. Protection was observed for both
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genders, similar to the results of a prospective study involving 1003 subjects that found a
protective effect of smoking with a 32% reduction in risk for the general population, 17% for
men and 37% for women. Moreover, the authors reported a decreased risk for the papillary
subtype and possibly for the follicular subtype®™.

With regard to EF, a study with a similar design to that used here estimated the
proportion of cancer cases related to exposure to tobacco and, in line with the results of the
current study, showed values above 80% for most cancers of the respiratory tract, between
20% and 50% for digestive tract and lower urinary cancers'”. A Brazilian study also assessed
the population attributable risk between smoking and developing some types of cancers and
reported that the total elimination of smoking would reduce the risk of esophageal cancer by
54%, of lung cancer cases by 71%, and of cancer of larynx by 86%"".

A limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. Moreover, we observed a high percentage of missing values for some variables.
Such potential sources of bias were minimized by the Brazilian NCI through the construction
of a web based information system, the formulation and distribution of a manual of routines
and proceedings, and the training of medical records technicians in order to standardize the
collection and inputting of information. Mereover In addition, in its current version, the
Integrator CHR System does not store detailed information on smoking history, being
that we used as control non-melanoma skin cancers that may have different behaviors in cases
and controls taking into consideration skin color, ethnic origin and geographical precedence.

A strong point worth mentioning is that the association between smoking and cancer
was adjusted for alcohol consumption, another important determinant of the risk of
developing cancer. Even with these limitations, the opportunity to define the magnitude of the

risk of developing cancer associated with tobacco use and the fraction of cancers that can be

| - { Formatted

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

19

attributed to its consumption by a large Brazilian national study allowed, for the first time

in the country, te-give-a comprehensive overview of this association.

Page 42 of 46

An conclusion, this study confirms a high risk of developing cancer of the - { Formatted
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hypopharynx, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus
and bladder cancer among smokers and establishes the EF attributable to smoking in the

development of different types of cancer in Brazil.
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Abstract

Objetives: To estimate the magnitude of association and identify the etiologic fraction (EF)

attributable to smoking in the development of different types of cancers in Brazil.

Setting: We conducted a case-control study, including 231 102 patients registered in the

Cancer Hospital Records (CHR) in the period from 1998 to 2011.

Participants: A total of 204 131 cancer cases relating to 30 topographies were compared to

26 971 cases of non-melanoma skin cancer.

Primary and secondary outcome measures: Smoking exposure was considered at the time
of hospital registration. We calculated odds ratios (OR), unadjusted and adjusted for gender,

age and alcohol consumption, with 95% confidence intervals (95%CI).

Results: After adjustment, the risk of developing cancer associated with smoking was very
high (piriform sinus, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity),
high (esophagus and bladder), moderate (anus and anal canal stomach, nasal cavity, middle
ear and paranasal sinuses, pancreas, nasopharynx, other parts of the biliary tract and kidney,
and low (liver, gall). There was no association between smoking and cancers of the central
nervous system and myeloid leukemia. For thyroid cancer there was a decreased risk of
developing the disease. The EF was higher than 50% for hypopharynx, larynx, hypopharynx,

bronchi and lung, oropharynx, oral cavity and esophagus cancers.

Conclusion: This study confirms a high risk of developing cancer of the hypopharynx,
bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder
cancer among smokers and establishes the EF attributable to smoking in the development of

different types of cancer in Brazil.
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Article Summary

1) Article Focus - up to three bullet points outlining the research questions or hypotheses

addressed

This is a large multicenter study, including 231,102 cancer cases diagnosed between 1998 and
2011. The aim is to analyze the association between smoking and the development of
different types of cancer and to identify the etiologic fraction related to tobacco consumption

in Brazil.

2) Key Messages - up to three bullet points outlining the key messages and significance

of the study

This study confirms a high risk of developing cancer of the hypopharynx, bronchi and lung,
larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder cancer among
smokers and establishes the EF attributable to smoking in the development of different types

of cancer in Brazil.
3) Strengths and Limitations

The limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. A strong point is that the association between smoking and cancer was adjusted for
alcohol consumption. Even with these limitations, the opportunity to define the magnitude of
the risk of developing cancer associated with tobacco use and the fraction of cancers that can
be attributed to its consumption by a large Brazilian national study allowed, for the first time

in the country, to give a comprehensive overview of this association.

What this paper adds

The first observational, multicenter study conducted in Brazil, including 231,102 cancer cases
diagnosed between 1998 and 2011, in order to assess the magnitude of the association
between smoking and the development of different types of cancer and to identify the

etiologic fraction related to tobacco consumption in Brazil.
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Introduction

According to the World Health Organization (WHO), cancer is the leading cause of
death worldwide, with approximately 27 million incident cases, 17 million deaths and 75
million people living with the disease being estimated for the year 2030".

Smoking is the main risk factor for the development of many types of cancer.
According to the International Agency for Research on Cancer (IARC), tobacco smoking is
associated with cancers of the oral cavity, oropharynx, nasopharynx, hypopharynx,
esophagus, stomach, colon and rectum, liver, pancreas, nasal cavity and paranasal sinuses,
larynx, lung, uterine cervix, ovary (mucinous), urinary bladder, kidney (body and pelvis),
ureter and bone marrow (myeloid leukemia)z. These tobacco related cancers account for
almost half of the global neoplastic disease burden. The WHO? estimates that, each year, six
million people die as a result of tobacco use and if this situation is not reversed in 2020, there
will be about 7.5 million deaths annually.

In Brazil, according to data released by the Brazilian National Cancer Institute
(INCA), tobacco use kills about 200 000 people per year’. Measures adopted in the country
for tobacco control, contributed to the decline of 50% in the median prevalence of tobacco use
in the last two decades™®. Brazil has a mixed population composition with varied genetic,
epidemiologic and socio-demographic characteristics, which may result in differential
association between smoking and different types of cancer, and the empirical evidence of this
association is relatively scarce in the country. Consequently, well-designed epidemiological
studies are necessary to assess the risk of disease and the fraction of cancers that can be
attributed to tobacco use. Therefore, this study aims to estimate the magnitude of the
association between smoking and the development of different types of cancers and to

identify the etiologic fraction (EF) attributable to tobacco.
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Material and Methods

An observational study was conducted using secondary data from Cancer Hospital
Registries (CHR), provided by the Brazilian NCI through the Integrator CHR System, which
gathers information on hospitalizations for cancer in Brazil. The data were taken in September
2011 and refer to cases for which the hospital provided the initial diagnosis of cancer and/or
for which the hospital contributed to first course treatment (analytic cases), diagnosed
between 1998 and 2011 and seen in 168 reference centers for cancer treatment, accredited by
the Brazilian Government, in 24 Brazilian states.

We adopted a case-control study design. Cancer cases from 32 sites were compared to
cases of non-melanoma skin cancer, as they are not related to tobacco use and information
were available in the database. We excluded patients younger than 18 years and older than
100 years, those with no information on gender and smoking, the main purpose of this
research. Cancers with fewer than 50 cases with valid data were excluded, in order to render
the analysis more precise.

The data set collected in each case includes variables such as demographics, tumor
characteristics (cancer type, extent, location, etc.), initial treatments. and history of current
alcohol consumption (more than three times per week, independent of amount consumed).
The exposure variable was the report of habitual tobacco use and its derivatives at the time of
hospital enrollment, categorized as yes or no.

Statistical analysis was performed using the PASW Statistics software, version 18. We
conducted a descriptive analysis of the population. Percentages were calculated based on valid
data (i.e., missing data were excluded). Association between tobacco use and cancer
occurrence was analyzed using odds ratios (OR) with 95% confidence intervals (95%Cls). In
order to control for confounding factors or interactions, an adjusted analysis was performed
considering age, gender and alcohol consumption, factors associated with both exposure and

outcome. Variables completely outside the system of interest and variables only associated
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with the exposure or outcome were not included in the final model in order to avoid
unnecessary regression adjustment and improve precision of estimators. The adjusted odds
ratios were classified as: no association (OR < 1); small effect or weak association (OR 1 to
1.5), medium or moderate association (OR 1.5 to 2.5); large or strong association (OR 2.5 to
4) and very large or very strong association (OR > 4). For cancers associated with tobacco
use, we calculated the EF or the population attributable risk fraction (PARF), in order to
estimate the proportion of cancer cases that could be avoided if the population had not been
exposed to tobacco. The EF was calculated using the formula: EF=Pc(aOR-1)/aOR, where
aOR denotes the adjusted OR and Pc is the proportion of cases exposed’. Once relative risk
(RR) was replaced by OR the computing formula will approximate the excess fraction only
insofar as the odds ratio approximates the relative risk.

This study has been approved by the Ethics and Research Committee of the Brazilian

National Cancer Institute, number CAAE - 0104.0.007.000-11.

Results

A total of 204 131 cancer cases were compared with 26 971 controls. In males, there
was a predominance of prostate cancer, followed by bronchi and lung and oral cavity; in
females, breast cancer, uterine cervix, and colon and rectum were more prevalent (Table 1).

Regarding social and demographic variables, a high prevalence of patients aged 50
years or more (71.4%), race/skin color white (59.0%), with eight or fewer years of schooling
(81.1%) and living with a partner (60.1%) was observed. Additionally, 29.2% had a history of
alcohol and 47.9% reported tobacco consumption (Table 2).

The risk of cancer associated with smoking, adjusted for gender, age and alcohol
consumption, was very strong for cancers of the hypopharynx, bronchi and lung, larynx,
hypopharynx, oropharynx and oral cavity. Tobacco was classified as a strong risk factor for
cancers of the esophagus and bladder. A moderate risk were observed for cancers of the anus
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and anal canal, stomach, nasal cavity, middle ear and sinuses, pancreas, nasopharynx, other
parts of the biliary tract and kidney. There was a weak association with liver cancer,
gallbladder, and colon and rectum. There was no association between smoking and cancers of
the central nervous system and myeloid leukemia. For thyroid cancer, the effect of smoking
was associated with a 20% reduction in the risk of developing the disease (Table 3).

The EF results referring to cancer sites for both genders was above 50% for cancers of
the piriform sinus, larynx, hypopharynx, bronchi and lung, oropharynx, oral cavity and
esophagus. Intermediate fractions (10%-50%) were observed for cancers of the bladder,
stomach, nasal cavity, middle ear and paranasal sinuses, anus and anal canal, nasopharynx,
pancreas, other parts of biliary tract, kidney and liver. Fractions less than 10% were observed
in cancers of the colon and rectum and bladder (Table 3).

For women, intermediate etiologic fractions were observed for cervix (20.1%), ovary
(19.9%) and vulva (18.6%). Breast and vagina was found with lower etiologic factions
(4.7%). In man, penis, testicles and prostate had fractions less than 10% (8.3%, 5.4% and
4.1%, respectively) (data not show). Stratification of the risk of developing cancer by gender
showed that in men the highest risk were observed in the piriform sinus, bronchi and lung,
hypopharynx, oropharynx, and larynx (Table 4). On the other hand, for women, the highest
risk were for larynx, piriform sinus, bronchi and lung, oropharynx and oral cavity (Table 5).
With respect to specific cancers in males, low association was found for all sites analyzed,
except for cancers of the penis and testicles, which showed no statistically significant
association with tobacco consumption (Table 4). Among the female specific cancers, the risk
was considered to be moderate for cancers of the vulva, cervix and ovary and low for breast
cancer. No statistical significance was found for cancers of the vagina and uterine body (Table

5).
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Table 1 Cancer sites according to gender (n=231 102)

Page 8 of 46

Cancer site ICD-0-3 Male Female Total
Oral cavity C00-C08 9080 3108 12 188
Oropharynx C10 2458 435 2893
Nasopharynx Cl1 740 312 1052
Piriform sinus C12 651 59 710
Hypopharynx Ci13 1429 168 1597
Esophagus C15 6884 2043 8927
Stomach Cl6 6861 3508 10 369
Colon and rectum C18-C20 7813 7976 15789
Anus and anal canal C21 375 1123 1498
Liver C22 750 411 1161
Gallbladder C23 129 432 561
Other parts of the biliary tract C24 199 191 390
Pancreas C25 918 804 1722
Nasal cavity, middle ear and sinuses C30-C31 525 321 846
Larynx C32 6574 993 7567
Bronchi and lung C33-C34 10577 4930 15507
Myeloid leukemia (morphology 9840-9930) C42 1366 1100 2466
Kidney Co4 1318 942 2260
Bladder Co67 3265 1047 4312
Central nervous system C70-C72 1394 1115 2509
Thyroid C73 762 3470 4232
Breast C50 484 45 050 45534
Vulva Cs51 - 1059 1059
Vagina C52 - 329 329
Cervix Cs3 - 28 499 28 499
Uterine body C54 - 3607 3607
Ovary (mucinous subtype) C56 - 340 340
Penis C60 1048 - 1048
Prostate C61 23991 - 23 991
Testicle C62 1168 - 1168
Skin (comparison group) C44 14 959 12012 26971
Total - 105 718 125 384 231102

ICD-0O-3: International Classification of Diseases for Oncology - Third revision
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1
2 Table 2 Socio-demographic characteristics of the study population
3
g Variables Cases Controls
6 Total Male Female Total Male Female
7
8 N % N % N Yo N % N % N %
9

Age (vears)
10
11 18 -24 2134 1.0 803 0.9 1331 1.2 153 0.6 82 0.5 71 0.6
12
13 25-49 56127 27.5 14321 158 41806 36.9 4761 17.7 2629 17.6 2132 17.7
12’ 50 - 64 73748 36.1 34658 38.2 39090 34.5 7849 29.1 4629 30.9 3220 26.8
16 > 65 72119 353 40975 45.1 31144 27.5 14207 52.7 7618 50.9 6589 54.9
17
18 Race/skin color
;—8 White 108 095 59.0 50489 61.8 57606 56.7 20068 80.6 11119 80.6 8949 80.6
21 Black/ Brown 74208 40.5 30792 37.7 43415 42.8 4751 19.1 2624 19.0 2127 19.1
22
23 Indian/ Yellow 955 0.5 431 0.5 524 0.5 83 0.3 50 0.4 33 0.3
24 Schooling
25
26 Illiterate 21482 14.6 8752 139 12730 152 3183 158 1437 12.6 1746 20.0
27
28 < 8 years 97588 66.5 43747 69.7 53811 64.1 13538 67.2 7798 68.4 5740 65.6
gg > 8 years 27670 189 10296 16.4 17374 20.7 3427 17.0 2162 19.0 1265 14.5
31 Marital status
gé With a partner 118 502 60.1 61721 70.8 56731 51.7 15760 60.2 10187 70.2 5573 47.7
34 Without a partner 78551 39.9 25448 29.2 53103 483 10436 39.8 4332 29.8 6104 52.3
35
36 Region of residence
g; North 15931 7.8 5533 6.1 10398 9.2 1016 3.8 597 4.0 419 3.5
39 Northeast 34334 169 12431 13.7 21903 194 4998 18.6 2857 19.2 2141 179
40
41 Center West 4310 2.1 1734 1.9 2576 2.3 358 1.3 199 1.3 159 1.3
jg Southeast 94134 46.3 42973 475 51161 453 12452 46.4 6932 46.5 5520 46.2
44 South 54765 269 27767 30.7 26998 239 8040 299 4320 29.0 3720 3l1.1
45
46 Smoking
j; Yes 97788 479 58342 643 39446 34.8 8344 309 6032 40.3 2312 19.2
49 No 106343 52.1 32417 357 73926 652 18627 69.1 8927 59.7 9700 80.8
50
51 Alcohol consumption
gg Yes 51752 29.2 38698 48.1 13054 13.5 4219 169 3600 26.3 619 5.5
54 No 125684 70.8 41716 51.9 83968 86.5 20750 83.1 10106 73.7 10644 94.5
55
56 Total 204 131 100 90759 44.5 113372 55.5 26971 100 14959 55.5 12012 44.5
57
58
59
60
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Table 3 Association between smoking and the development of different types of cancer and

etiologic fraction (EF) that can be attributed to smoking in both genders

Cancer site Crude OR OR adjusted* EF** (%)
OR 95%CI Pvalue OR 95%CI P value
Oral cavity 7.7 713-8.1 <0.001 43 4.0-45 <0.001 59.5
Oropharynx 12.0 10.8-13.3 <0.001 52 46-59 <0.001 68.1
Nasopharynx 24 2.1-27 <0.001 1.8 15-2.0 <0.001 229
Piriform sinus 19.2 15.1-244 <0.001 8.1 6.2 - <0.001 78.5
Hypopharynx 134 11.6-155 <0.001 57 48-6.7 <0.001 70.7
Esophagus 80 7.6-85 <0.001 4.0 3.7-42 <0.001 58.7
Stomach 26 24-23 <0.001 19 1.8-2.0 <0.001 25.3
Colon and rectum 1.3 1.3-14 <0.001 1.3 12-13 <0.001 8.5
Anus and anal canal 1.8 1.6-2.0 <0.001 2.1 1.8-23 <0.001 234
Liver 22 20-25 <0.001 14 12-1.6 <0.001 14.1
Gallbladder 1.2 09-15 0.621 1.3 1.0-1.6 0.03 74
Other parts of the biliary tract 1.8 14-2.2 <0.001 1.7 13-2.1 <0.001 18.2
Pancreas 1.9 1.8-2.1 <0.001 1.8 1.6-2.0 <0.001 20.7
Nasal cavity, middle ear and paranasal 2.5 22-2.8 <0.001 19 16-2.2 <0.001 24.9
Larynx 120 11.2-129 <0.001 63 59-6.8 <0.001 70.9
Bronchi and lung 9.3 8.8-9.7 <0.001 79 7.4-83 <0.001 70.4
Kidney 1.7 15-18 <0.001 1.6 14-1.7 <0.001 15.9
Bladder 3.5 33-3.7 <0.001 28 2.6-3.1 <0.001 39.1
Central nervous system 1.0 09-1.1 0.744 1.0 09-1.1 0.64 —
Thyroid 05 05-06 <0.001 0.8 0.7-0.8 <0.001 —
Myeloid leukemia 1.0 1.0-1.1 0.213 1.0 09-1.1 091 -——

* Adjusted for gender, age and alcohol consumption
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1
2 Table 4 Association between smoking and the development of different types of cancer in men
3
4
5
? Cancer site Crude OR OR adjusted*
8 OR 95% CI Pvalue OR 95% CI1 P value
9
10 Oral cavity 7.8 7.3-8.3 <0.001 4.4 4.1-48 <0.001
g Oropharynx 102 90-11.6 <0001 53 46-61  <0.001
13 Nasopharynx 2.1 1.8-2.4 <0.001 1.8 1.5-2.1 <0.001
14
15 Piriform sinus 14.1 10.8 - 18.3 <0.001 7.8  59-10.5 <0.001
i? Hypopharynx 1.1 94-131 <0001 61 51-73  <0.001
18 Esophagus 7.6 7.0-8.1 <0.001 4.0 3.7-4.3 <0.001
19
20 Stomach 2.5 23-2.6 <0.001 1.9 1.8-2.0 <0.001
g; Colon and rectum 1.4 14-15 <0001 13 12-14  <0.001
23 Anus and anal canal 2.2 1.8-2.7 <0.001 2.1 1.6 -2.7 <0.001
24
25 Liver 2.2 19-23 <0.001 1.4 1.2-1.7 <0.001
g? Gallbladder 1.6 1.1-2.2 0.012 14 09-2.1 0.13
28 Other parts of the biliary tract 1.9 1.4-2.5 <0.001 1.7 1.2-2.3 0.003
29
30 Pancreas 2.0 1.8-2.3 <0.001 1.7 1.4-2.0 <0.001
31 Nasal cavity, middle ear and paranasal sinuses 2.5 2.1-23 <0.001 2.0 1.6-24 <0.001
32
33 Larynx 8.8 82-95 <0.001 56 51-6.1 <0.001
34
35 Bronchi and lung 8.9 8.3-94 <0.001 7.7 72-8.3 <0.001
36 Kidney 1.6 14-18 <0001 17 15-19  <0.001
37
38 Bladder 3.0 2.8-3.2 <0.001 2.9 2.7-3.2 <0.001
ig Central nervous system 0.9 0.8-1.2 0.104 1.0 09-1.2 0.54
41 Thyroid 0.7 0.6-0.8 <0.001 07 06-09  <0.001
42
43 Myeloid leukemia 1.0 09-1.1 0.347 1.0 0.8-1.1 0.70
jg Penis 1.5 1.3-1.7 <0.001 1.2 1.0-14 0.06
46 Prostate 1.2 1.2-1.3 <0.001 1.1 1.1-1.2 <0.001
47
48 Testicle 0.7 0.6-0.8 <0.001 1.2 1.0-14 0.13
49 * Adjusted for age and alcohol consumption
50
51
52
53
54
55
56
57
58
59
60
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Table 5 Association between smoking and the development of different types of cancer in women
Cancer site Crude OR OR adiusted*

OR 95%CI  Pvalue OR 95% CI P value
Oral cavity 5.8 54-6.3 <0.001 4.2 3.8-4.7 <0.001
Oropharynx 8.5 69-104  <0.001 53 42-78 <0.001
Nasopharynx 2.2 1.8-2.8 <0.001 1.8 14-24 <0.001
Piriform sinus 164 87-31.0 <0.001 9.6 4.5-20.5 <0.001
Hypopharynx 7.6 55-104 <0.001 4.4 3.0-64 <0.001
Esophagus 6.3 57-6.9 <0.001 4.2 3.7-4.7 <0.001
Stomach 2.3 22-24 <0.001 1.8 1.6-2.0 <0.001
Colon and rectum 1.4 1.3-1.5 <0.001 1.2 1.1-1.3 <0.001
Anus and anal canal 2.7 24-3.1 <0.001 2.1 1.8-2.4 <0.001
Liver 1.9 1.5-23 <0.001 1.4 1.1-1.9 0.004
Gallbladder 1.5 1.2-19 <0.001 1.2 1.0-1.6 0.01
Other parts of the biliary tract 1.9 14-2.6 <0.001 1.7 1.2-24 0.004
Pancreas 2.1 1.8-25 <0.001 1.9 1.6-2.3 <0.001
Nasal cavity, middle ear and paranasal sinuses 2.3 1.8-2.9 <0.001 1.7 1.3-2.3 <0.001
Larynx 132 11.3-153 <0.001 9.8 83-11.7 <0.001
Bronchi and lung 9.6 89-104 <0.001 7.9 72-8.6 <0.001
Kidney 1.8 1.6-2.1 <0.001 1.4 1.2-1.7 <0.001
Bladder 3.0 26-34 <0.001 2.6 22-3.0 <0.001
Central nervous system 1.2 1.1-14 0.006 1.0 0.8-1.2 0.93
Thyroid 0.9 0.8-1.0 0.005 0.8 0.7-0.8 <0.001
Myeloid leukemia 1.3 I.1-15 0.001 1.0 09-1.2 0.74
Breast 1.7 1.6-1.7 <0.001 1.2 1.2-13 <0.001
Vulva 2.5 22-29 <0.001 2.0 1.7-24 <0.001
Vagina 1.7 1.3-2.1 <0.001 1.2 09-1.7 0.27
Cervix of uterus 2.8 2.7-3.0 <0.001 2.0 1.9-2.1 <0.001
Uterine body 1.0 1.0-1.1 <0.001 1.0 09-1.1 0.54
Ovary (mucinous) 2.2 1.7-2.7 <0.001 2.1 1.6 -2.7 <0.001

* Adjusted for age and alcohol consumption
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Discussion

While smoking is a well-established risk factor for the development of various types
of cancer’, the magnitude of the risk varies between studies according to race and income
nation®. There are few national publications that summarize the magnitude of the risk of
developing the disease in view of the specificities of the Brazilian population.

In Brazil, a survey conducted before the beginning of this study, covering urban and
rural areas, estimated the smoking prevalence at 34.8% (43.3% among men and 27.0% among
women). Surveys carried out in subsequent periods have shown lower prevalence, which is
consistent with the figures obtained among controls in the present study4.

We observed very strong association between tobacco and oral cavity cancer,
oropharynx, hypopharynx, larynx and bronchi /lung. In a European study, which analyzed
2103 cases of squamous cell carcinoma of the upper aero digestive tract’, slightly lower
values than those in the current study were found for cancers of the oral cavity and
oropharynx and higher values for hypopharynx and larynx. In a meta-analysis involving 254
studies, similar RR for laryngeal cancer, bronchi/lung and oral cavity were observed®.

When analyzing the risk of developing cancer of the bronchi and lung according to
gender, the present study found a higher risk associated with tobacco consumption for the
female population. However, a distinct result was described in a study involving the Japanese
population, which showed a relative risk 4.39 times greater for men and 2.79 for women'".

In the present study, we found moderate association between smoking and
nasopharyngeal cancer. Discrepant results were reported in studies of other populations. For
example, after adjusting for age, gender, smoking, drinking and family history of cancer, a
higher risk was observed in the Chinese population“ while smoking conveyed no increased
risk in an Italian population for undifferentiated subtype of the disease but very high

association for differentiated cases with consumption of more than 15 cigarettes per day12.
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Moderate risk was also demonstrated in this study for cases of cancers of the nasal
cavity, middle ear and sinuses compared with the general population and for gender. This
result was also revealed in another study'® that evaluated 14 563 patients and showed a
moderate risk for the general population and for both men and women. It is noteworthy that to
our knowledge, no study has considered the risk of piriform sinus cancer alone, although the
present study showed very strong association between tobacco use and the development of
cancer in this site.

Regarding the digestive tract, an elevated risk associated with smoking was observed
for esophageal cancer with a moderate risk for cancer of the stomach and pancreas. A recent
meta-analysis described a lower risk for esophageal cancer and a similar risk for cancers of
the stomach and pancreas®. In this study, a moderate risk was found in cancers of the anus
and anal canal, but no publications discussing this association have been found. With regard
to cases of cancer of the colon and rectum, the observed association was weak, which
confirms the results of a review of 26 studies on the association between smoking and
colorectal cancer'®. Furthermore, the authors also reported an association only for rectal
cancer and no association for colon cancer. Similar figures to those described here were found
in a European study involving 2741 patientsls. However, when the authors stratified by
anatomic sites, proximal colon cancer showed an increased risk, whereas no significant
increased risk was observed for distal colon cancer.

For neoplasms of the urinary tract, moderate association with smoking was found for
cases of kidney cancer, with comparable figures in both genders. Similar findings were
reported in a meta-analysis involving 24 epidemiological studies'®. The authors stressed that
the risk was proportional to tobacco consumption for both genders. Regarding the cases of
bladder cancer, strong association was found with smoking with similar results in men and
women. A case-control study involving 1586 patients showed a moderate risk of cancer, with

increasing values for low-grade superficial, high-grade superficial or invasive tumors.
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Furthermore, women were at increased risk for invasive types when they consumed similar
amount of cigarettes to men'”.

Although the authors of the present study have not identified specific studies with
reference to the association between smoking and gallbladder cancer, the current results point
to weak association in the general population, although when stratified by gender, the
association was not significant for men and was weak for women. With respect to liver
cancer, one meta-analysis evaluated the association with tobacco smoking and its
development, finding a moderate risk in this disease, which supports the IARC conclusion'®.
In the present study, we found a weak association, which corroborated the findings of a
prospective cohort study conducted in Singapore with 394 patients with hepatocellular
carcinoma'’,

The results of this study showed no association between smoking and the risk of
developing cancer of the central nervous system and myeloid leukemia. Similar findings were
shown in a prospective cohort study that highlighted a lack of association with brain tumors.
However, the authors showed statistically significant association for myeloid leukemia, in
contrast to the results presented here®.

Male genital tract cancers have not been listed” as related to tobacco. A lack of
association between these cancers and smoking was confirmed in the current study. For
prostate cancer this study showed weak association between smoking and prostate cancer. A
large prospective cohort study found a decreased risk for non-advanced disease in current
smokers, but an increased risk of fatal prostate cancer among smokers>'.

In assessing the association between smoking and developing female specific cancers,
we observed a scarcity of publications that addressed this issue in some tumor locations. For
breast cancer, despite the large number of studies, the association remains controversial.

Although it is known that cigarettes contain carcinogens that can increase the risk of

developing the disease, its antiestrogen action may be a protective factor. In the present study,
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we found a weak association between smoking and breast cancer, a finding which is
supported by a study which evaluated 1240 women diagnosed with invasive breast cancer and
reported that consuming 10 or more cigarettes/day for up to 20 years increases the risk of
breast cancer by 34%%. In cases of cancer of the vulva and vagina, the association was
moderate and low, respectively. No studies that address the relationship between smoking and
the risk of developing cancer of the vulva and vagina have been identified. For cervical
cancer, the risk was moderate, which is consistent with the review of 23 epidemiological
studies involving 13 541 women, which found an increased risk for squamous cell carcinoma,
although the same was not observed for adenocarcinoma®. Regarding ovarian cancer, only
the mucinous subtype seems to be positively associated with tobacco use; in this study the
association for this tumor type was moderate, confirming the observations of a meta-analysis
of 910 women with mucinous and 5564 with non-mucinous ovarian cancer, in which a risk
for mucinous cases and lack of association for others subtypes was found™. Among the
remaining specific females cancers, results of this study showed no association between
smoking and the risk of developing cancer of the uterine body. However, even when
considering the toxicity and carcinogenic effects of tobacco, the risk of endometrial cancer
appears to be reduced. In another study, a protective effect of smoking was demonstrated with
28% reduction in the risk of endometrial cancer for women who consumed 20 or more
cigarettes/day”. Furthermore, the association did not vary with menopausal status, oral
contraceptive use or hormone replacement therapy. When considering post-menopausal
women with a higher body mass index, the protective effect was even more noteworthy. A
European multicenter study involving 249 986 female smokers, of whom 619 were diagnosed
with endometrial cancer, also showed that tobacco consumption in postmenopausal women
reduces the risk of disease, while moderate risk was found in premenopausal women®.
Tobacco use appears to reduce the risk of developing thyroid cancer, but the actual

mechanism of this association needs to be better understood. Protection was observed for both
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genders, similar to the results of a prospective study involving 1003 subjects that found a
protective effect of smoking with a 32% reduction in risk for the general population, 17% for
men and 37% for women. Moreover, the authors reported a decreased risk for the papillary
subtype and possibly for the follicular subtype:27.

With regard to EF, a study with a similar design to that used here estimated the
proportion of cancer cases related to exposure to tobacco and, in line with the results of the
current study, showed values above 80% for most cancers of the respiratory tract, between
20% and 50% for digestive tract and lower urinary cancers'". A Brazilian study also assessed
the population attributable risk between smoking and developing some types of cancers and
reported that the total elimination of smoking would reduce the risk of esophageal cancer by
54%, of lung cancer cases by 71%, and of cancer of larynx by 86%".

A limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. Moreover, we observed a high percentage of missing values for some variables.
Such potential sources of bias were minimized by the Brazilian NCI through the construction
of a web based information system, the formulation and distribution of a manual of routines
and proceedings, and the training of medical records technicians in order to standardize the
collection and inputting of information. In addition, in its current version, the Integrator CHR
System does not store detailed information on smoking history, being impossible to estimate
the total lifetime dose or total dose in pack-years. Another limitation is that we used as control
non-melanoma skin cancers that may have different behaviors in cases and controls taking
into consideration skin color, ethnic origin and geographical precedence.

A strong point worth mentioning is that the association between smoking and cancer
was adjusted for alcohol consumption, another important determinant of the risk of
developing cancer. Even with these limitations, the opportunity to define the magnitude of the

risk of developing cancer associated with tobacco use and the fraction of cancers that can be
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attributed to its consumption by a large Brazilian national study allowed, for the first time
in the country, a comprehensive overview of this association.

In conclusion, this study confirms a high risk of developing cancer of the
hypopharynx, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus
and bladder cancer among smokers and establishes the EF attributable to smoking in the

development of different types of cancer in Brazil.
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Abstract

Objetives: To estimate the magnitude of association and identify the etiologic fraction (EF)

©CoO~NOUTA,WNPE

10 attributable to smoking in the development of different types of cancers in Brazil.

12 Setting: We conducted a case-control study, including 231 102 patients registered in the
13 Cancer Hospital Records (CHR) in the period from 1998 to 2011.

16 Participants: A total of 204 131 cancer cases relating to 30 topographies were compared to

17 26 971 cases of non-melanoma skin cancer.

Primary and secondary outcome measures: Smoking exposure was considered at the time
21 of hospital registration. We calculated odds ratios (OR), unadjusted and adjusted for gender,

age and alcohol consumption, with 95% confidence intervals (95%CI).

25 Results: After adjustment, the risk of developing cancer associated with smoking was very
26 high (piriform sinus, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity),
high (esophagus and bladder), moderate (anus and anal canal stomach, nasal cavity, middle
29 ear and paranasal sinuses, pancreas, nasopharynx, other parts of the biliary tract and kidney,
and low (liver, gall). There was no association between smoking and cancers of the central
32 nervous system and myeloid leukemia. For thyroid cancer there was a decreased risk of
33 developing the disease. The EF was higher than 50% for hypopharynx, larynx, hypopharynx,

35 bronchi and lung, oropharynx, oral cavity and esophagus cancers.

37 Conclusion: This study confirms a high risk of developing cancer of the hypopharynx,
bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder
40 cancer among smokers and establishes the EF attributable to smoking in the development of

different types of cancer in Brazil.
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Article Summary

1) Article Focus - up to three bullet points outlining the research questions or hypotheses

addressed

This is a large multicenter study, including 231,102 cancer cases diagnosed between 1998 and
2011. The aim is to analyze the association between smoking and the development of
different types of cancer and to identify the etiologic fraction related to tobacco consumption

in Brazil.

2) Key Messages - up to three bullet points outlining the key messages and significance

of the study

This study confirms a high risk of developing cancer of the hypopharynx, bronchi and lung,
larynx, hypopharynx, oropharynx and oral cavity, esophagus and bladder cancer among
smokers and establishes the EF attributable to smoking in the development of different types

of cancer in Brazil.
3) Strengths and Limitations

The limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. A strong point is that the association between smoking and cancer was adjusted for
alcohol consumption. Even with these limitations, the opportunity to define the magnitude of
the risk of developing cancer associated with tobacco use and the fraction of cancers that can
be attributed to its consumption by a large Brazilian national study allowed, for the first time

in the country, to give a comprehensive overview of this association.

What this paper adds

The first observational, multicenter study conducted in Brazil, including 231,102 cancer cases
diagnosed between 1998 and 2011, in order to assess the magnitude of the association
between smoking and the development of different types of cancer and to identify the

etiologic fraction related to tobacco consumption in Brazil.
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Introduction

According to the World Health Organization (WHO), cancer is the leading cause of
death worldwide, with approximately 27 million incident cases, 17 million deaths and 75
million people living with the disease being estimated for the year 2030'.

Smoking is the main risk factor for the development of many types of cancer.
According to the International Agency for Research on Cancer (IARC), tobacco smoking is
associated with cancers of the oral cavity, oropharynx, nasopharynx, hypopharynx,
esophagus, stomach, colon and rectum, liver, pancreas, nasal cavity and paranasal sinuses,
larynx, lung, uterine cervix, ovary (mucinous), urinary bladder, kidney (body and pelvis),
ureter and bone marrow (myeloid leukemia)®. These tobacco related cancers account for
almost half of the global neoplastic disease burden. The WHO? estimates that, each year, six
million people die as a result of tobacco use and if this situation is not reversed in 2020, there
will be about 7.5 million deaths annually.

In Brazil, according to data released by the Brazilian National Cancer Institute
(INCA), tobacco use kills about 200 000 people per year". Measures adopted in the country
for tobacco control, contributed to the decline of 50% in the median prevalence of tobacco use
in the last two decades*®. Brazil has a mixed population composition with varied genetic,
epidemiologic and socio-demographic characteristics, which may result in differential
association between smoking and different types of cancer, and the empirical evidence of this
association is relatively scarce in the country. Consequently, well-designed epidemiological
studies are necessary to assess the risk of disease and the fraction of cancers that can be
attributed to tobacco use. Therefore, this study aims to estimate the magnitude of the
association between smoking and the development of different types of cancers and to

identify the etiologic fraction (EF) attributable to tobacco.

- { Formatted
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Material and Methods

An observational study was conducted using secondary data from Cancer Hospital
Registries (CHR), provided by the Brazilian NCI through the Integrator CHR System, which
gathers information on hospitalizations for cancer in Brazil. The data were taken in September
2011 and refer to cases for which the hospital provided the initial diagnosis of cancer and/or
for which the hospital contributed to first course treatment (analytic cases), diagnosed
between 1998 and 2011 and seen in 168 reference centers for cancer treatment, accredited by
the Brazilian Government, in 24 Brazilian states.

We adopted a case-control study design. Cancer cases from 32 sites were compared to
cases of non-melanoma skin cancer, as they are not related to tobacco use and information
were available in the database. We excluded patients younger than 18 years and older than
100 years, those with no information on gender and smoking, the main purpose of this
research. Cancers with fewer than 50 cases with valid data were excluded, in order to render
the analysis more precise.

The data set collected in each case includes variables such as demographics, tumor
characteristics (cancer type, extent, location, etc.), initial treatments. and history of current
alcohol consumption (more than three times per week, independent of amount consumed).
The exposure variable was the report of habitual tobacco use and its derivatives at the time of
hospital enrollment, categorized as yes or not.

Statistical analysis was performed using the PASW Statistics software, version 18. We
conducted a descriptive analysis of the population. Percentages were calculated based on valid
data (i.e., missing data were excluded). Association between tobacco use and cancer
occurrence was analyzed using odds ratios (OR) with 95% confidence intervals (95%CIs). In
order to control for confounding factors or interactions, an adjusted analysis was performed
considering age, gender and alcohol consumption, factors associated with both exposure and

outcome. Variables completely outside the system of interest and variables only associated
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1

2

3

4 6
5

6 with the exposure or outcome were not included in the final model in order to avoid
7

8 unnecessary regression adjustment and improve precision of estimators. The adjusted odds
9

10 ratios were classified as: no association (OR < 1); small effect or weak association (OR 1 to
11

12 1.5), medium or moderate association (OR 1.5 to 2.5); large or strong association (OR 2.5 to
13

14 4) and very large or very strong association (OR > 4). For cancers associated with tobacco
ig use, we calculated the EF or the population attributable risk fraction (PARF), in order to
ig estimate the proportion of cancer cases that could be avoided if the population had not been
;'g exposed to tobacco. The EF was calculated using the formula: EF=Pc(aOR-1)/aOR, where
g;' aOR denotes the adjusted OR and Pc is the proportion of cases exposed’. Once relative risk
gi (RR) was replaced by OR the computing formula will approximate the excess fraction only
25 insofar as the odds ratio approximates the relative risk.

26

27 This study has been approved by the Ethics and Research Committee of the Brazilian
28

29 National Cancer Institute, number CAAE - 0104.0.007.000-11.

30

31

32

33

34 Results

35

36 A total of 204 131 cancer cases were compared with 26 971 controls. In males, there
37

38 was a predominance of prostate cancer, followed by bronchi and lung and oral cavity; in
39

40 females, breast cancer, uterine cervix, and colon and rectum were more prevalent (Table 1).
41

42 Regarding social and demographic variables, a high prevalence of patients aged 50
43

44 years or more (71.4%), race/skin color white (59.0%), with eight or fewer years of schooling
45

46 (81.1%) and living with a partner (60.1%) was observed. Additionally, 29.2% had a history of
47

48 alcohol and 47.9% reported tobacco consumption (Table 2).

49

50 The risk of cancer associated with smoking, adjusted for gender, age and alcohol
51

52 consumption, was very strong for cancers of the hypopharynx, bronchi and lung, larynx,
53

54 hypopharynx, oropharynx and oral cavity. Tobacco was classified as a strong risk factor for
gg cancers of the esophagus and bladder. A moderate risk were observed for cancers of the anus
57

58

59

60
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and anal canal, stomach, nasal cavity, middle ear and sinuses, pancreas, nasopharynx, other
parts of the biliary tract and kidney. There was a weak association with liver cancer,
gallbladder, and colon and rectum. There was no association between smoking and cancers of
the central nervous system and myeloid leukemia. For thyroid cancer, the effect of smoking
was associated with a 20% reduction in the risk of developing the disease (Table 3).

The EF results referring to cancer sites for both genders was above 50% for cancers of
the piriform sinus, larynx, hypopharynx, bronchi and lung, oropharynx, oral cavity and
esophagus. Intermediate fractions (10%-50%) were observed for cancers of the bladder,
stomach, nasal cavity, middle ear and paranasal sinuses, anus and anal canal, nasopharynx,
pancreas, other parts of biliary tract, kidney and liver. Fractions less than 10% were observed
in cancers of the colon and rectum and bladder (Table 3).

For women, intermediate etiologic fractions were observed for cervix (20.1%), ovary
(19.9%) and vulva (18.6%). Breast and vagina was found with lower etiologic factions
(4.7%). In man, penis, testicles and prostate had fractions less than 10% (8.3%, 5.4% and
4.1%, respectively) (data not show). Stratification of the risk of developing cancer by gender
showed that in men the highest risk were observed in the piriform sinus, bronchi and lung,
hypopharynx, oropharynx, and larynx (Table 4). On the other hand, for women, the highest
risk were for larynx, piriform sinus, bronchi and lung, oropharynx and oral cavity (Table 5).
With respect to specific cancers in males, low association was found for all sites analyzed,
except for cancers of the penis and testicles, which showed no statistically significant
association with tobacco consumption (Table 4). Among the female specific cancers, the risk
was considered to be moderate for cancers of the vulva, cervix and ovary and low for breast
cancer. No statistical significance was found for cancers of the vagina and uterine body (Table

5).
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1
2
3
4 8
5
6 Table 1 Cancer sites according to gender (n=231 102)
7
8 Cancer site ICD-0-3 Male Female Total
20 Oral cavity C00-C08 9080 3108 12 188
11 Oropharynx C10 2458 435 2893
12 Nasopharynx Cl1 740 312 1052
13
14 Piriform sinus Cl12 651 59 710
15 Hypopharynx Cl13 1429 168 1597
16
17 Esophagus C15 6884 2043 8927
18 Stomach Cl6 6861 3508 10 369
;‘g Colon and rectum C18-C20 7813 7976 15789

Anus and anal canal C21 375 1123 1498
21
5:23 Liver C22 750 411 1161
24 Gallbladder C23 129 432 561
25 Other parts of the biliary tract C24 199 191 390
26
27 Pancreas C25 918 804 1722
28 Nasal cavity, middle ear and sinuses C30-C31 525 321 846
gg Larynx C32 6574 993 7567
31 Bronchi and lung C33-C34 10577 4930 15507
gé Myeloid leukemia (morphology 9840-9930) C42 1366 1100 2466
34 Kidney Co4 1318 942 2260
35 Bladder C67 3265 1047 4312
36

entral nervous system C70-C72 1394 1115 2509

38 Thyroid c73 762 3470 4232
39
40 Breast C50 484 45050 45534
41 Vulva C51 - 1059 1059
jg Vagina C52 - 329 329
44 Cervix Cs3 - 28 499 28 499
jg Uterine body C54 - 3607 3607
47 Ovary (mucinous subtype) C56 - 340 340
48 Penis C60 1048 - 1048
49
50 Prostate Co1 23991 - 23991
51 Testicle C62 1168 - 1168
52
53 Skin (comparison group) C44 14 959 12012 26971
54 Total - 105 718 125384 231102
55 ICD-O-3: International Classification of Diseases for Oncology - Third revision
56
57
58
59
60
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9
Table 2 Socio-demographic characteristics of the study population
Variables Cases Controls
Total Male Female Total Male Female
N % N % N % N Y% N % N %
Age (vears)
18-24 2134 1.0 803 0.9 1331 1.2 153 0.6 82 0.5 71 0.6
25-49 56 127 27.5 14321 15.8 41806 369 4761 17.7 2629 17.6 2132 17.7
50— 64 73748 36.1 34658 382 39090 34.5 7849 29.1 4629 309 3220 26.8
> 65 72119 353 40975 45.1 31144 275 14207 52.7 7618 509 6589 549
Race/skin color
White 108 095 59.0 50489 61.8 57606 56.7 20068 80.6 11119 80.6 8949 80.6
Black/ Brown 74208 40.5 30792 37.7 43415 428 4751 19.1 2624 19.0 2127 19.1
Indian/ Yellow 955 05 431 05 524 0.5 83 0.3 50 0.4 33 0.3
Schooling
Illiterate 21482 14.6 8752 139 12730 152 3183 158 1437 12.6 1746 20.0
<8 years 97588 66.5 43747 69.7 53811 64.1 13538 672 7798 68.4 5740 65.6
> 8 years 27670 189 10296 16.4 17374 20.7 3427 17.0 2162 19.0 1265 145
Marital status
With a partner 118502 60.1 61721 70.8 56731 51.7 15760 60.2 10187 70.2 5573 47.7
Without a partner 78 551 39.9 25448 29.2 53103 483 10436 39.8 4332 29.8 6104 523
Region of residence
North 15931 7.8 5533 6.1 10398 9.2 1016 3.8 597 4.0 419 35
Northeast 34334 169 12431 13.7 21903 19.4 4998 18.6 2857 19.2 2141 179
Center West 4310 2.1 1734 19 2576 23 358 1.3 199 1.3 159 1.3
Southeast 94134 463 42973 47.5 51161 453 12452 464 6932 465 5520 462
South 54765 269 27767 30.7 26998 239 8040 299 4320 29.0 3720 3I.1
Smoking
Yes 97788 47.9 58342 643 39446 348 8344 309 6032 403 2312 192
No 106343 52.1 32417 357 73926 652 18627 69.1 8927 59.7 9700 80.8
Alcohol consumption
Yes 51752 29.2 38698 48.1 13054 135 4219 169 3600 263 619 55
No 125684 70.8 41716 51.9 83968 86.5 20750 83.1 10106 73.7 10644 94.5
Total 204 131 100 90759 44.5 113372 55.5 26971 100 14959 55.5 12012 445
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3

4 10
5

6 Table 3 Association between smoking and the development of different types of cancer and
7

8 etiologic fraction (EF) that can be attributed to smoking in both genders

9

10

11

ig Cancer site Crude OR OR adiusted* EF** (%)
14 OR  95%CI Pvalue OR 95%CI P value

ig Oral cavity 77  73-81 <0.001 43 4.0-4.5 <0.001 59.5
17 Oropharynx 120 108-133 <0.001 52 4.6-59 <0.001  68.1
18 Nasopharynx 24  21-27 <0001 1.8 15-20 <0001 229
19

20 Piriform sinus 192 15.1-244 <0001 81 62— <0.001 785
21 Hypopharynx 134 11.6-155 <0.001 5.7 48-6.7 <0.001 70.7
gg Esophagus 80 7.6-85 <0.001 4.0 3.7-42 <0.001 58.7
24 Stomach 26 24-23 <0001 19 1.8-2.0 <0.001 253
gg Colon and rectum 13 13-14 <0001 13 12-13 <0.001 8.5
27 Anus and anal canal 1.8 1.6 -2.0 <0.001 2.1 1.8-23 <0.001 234
28 Liver 22 20-25 <0001 14 12-1.6 <0001  14.1
29

30 Gallbladder 12 09-15 0621 13 10-16 0.03 7.4
31 Other parts of the biliary tract 18  14-22 <0001 1.7 13-2.1 <0.001 18.2
32

33 Pancreas 19 18-21 <0001 18 16-20 <0.001 207
34 Nasal cavity, middle ear and paranasal 2.5 2.2-28  <0.001 19 1.6-22 <0.001 24.9
gg Larynx 120 112-129 <0.001 63 59-6.8 <0.001  70.9
37 Bronchi and lung 93 88-97 <000l 7.9 74-83 <0.001 704
gg Kidney 17 15-18 <0001 1.6 14-1.7 <0.001 15.9
40 Bladder 35 33-37 <0001 28 26-31 <0001 391
41 Central nervous system 10 09-11 0744 10 09-11 0.64
42

43 Thyroid 05 05-06 <0001 08 07-08 <0.001
44 Myeloid leukemia 1.0 10-1.1 0213 1.0 09-1.1 091
45 * Adjusted for gender, age and alcohol consumption

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
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Table 4 Association between smoking and the development of different types of cancer in men
Cancer site Crude OR OR adjusted*
OR 95%CI P value OR 95%CI P value

Oral cavity 7.8 7.3-83 <0.001 44 4.1-438 <0.001
Oropharynx 10.2 9.0-11.6 <0.001 53 4.6-6.1 <0.001
Nasopharynx 2.1 1.8-2.4 <0.001 1.8 1.5-21 <0.001
Piriform sinus 14.1 10.8-183 <0.001 7.8 59-10.5 <0.001
Hypopharynx 11.1 9.4-13.1 <0.001 6.1 51-73 <0.001
Esophagus 7.6 7.0-8.1 <0.001 40 3.7-43 <0.001
Stomach 2.5 23-2.6 <0.001 19 18-2.0 <0.001
Colon and rectum 1.4 1.4-1.5 <0.001 1.3 12-14 <0.001
Anus and anal canal 22 1.8-2.7 <0.001 2.1 1.6-2.7 <0.001
Liver 22 1.9-23 <0.001 14 12-17 <0.001
Gallbladder 1.6 1.1-22 0.012 14  09-2.1 0.13

Other parts of the biliary tract 1.9 14-25 <0.001 1.7 12-23 0.003
Pancreas 2.0 1.8-23 <0.001 1.7 14-20 <0.001
Nasal cavity, middle ear and paranasal sinuses 2.5 2.1-23 <0.001 2.0 1.6-2.4 <0.001
Larynx 8.8 82-95 <0.001 56 5.1-6.1 <0.001
Bronchi and lung 8.9 8.3-94 <0.001 7.7 72-83 <0.001
Kidney 1.6 14-1.8 <0.001 1.7 15-19 <0.001
Bladder 3.0 2.8-32 <0.001 29 27-32 <0.001
Central nervous system 0.9 0.8-1.2 0.104 1.0 09-1.2 0.54

Thyroid 0.7 0.6-0.8 <0.001 0.7 0.6-0.9 <0.001
Myeloid leukemia 1.0 09-1.1 0.347 1.0 08-1.1 0.70

Penis 1.5 1.3-1.7 <0.001 12 10-14 0.06

Prostate 1.2 12-13 <0.001 1.1 1.1-12 <0.001
Testicle 0.7 0.6-0.8 <0.001 12 10-14 0.13

* Adjusted for age and alcohol consumption
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6 Table 5 Association between smoking and the development of different types of cancer in women

7

8 Cancer site Crude OR OR adiusted*

20 OR 95%CI Pvalue OR 95%CI P value
11 Oral cavity 5.8 54-63 <0.001 4.2 3.8-4.7 <0.001
12 Oropharynx 8.5 6.9-104 <0.001 53 42-78 <0.001
13

14 Nasopharynx 2.2 1.8-2.8 <0.001 1.8 14-24 <0.001
15 Piriform sinus 164 8.7-31.0 <0.001 9.6 45-20.5 <0.001
16

17 Hypopharynx 7.6 5.5-104  <0.001 4.4 3.0-64 <0.001
18 Esophagus 6.3 57-6.9 <0.001 4.2 3.7-4.7 <0.001
;‘8 Stomach 2.3 22-24 <0.001 1.8 1.6-2.0 <0.001
21 Colon and rectum 1.4 13-1.5 <0.001 1.2 1.1-1.3 <0.001
22 Anus and anal canal 27 24-31 <0001 2.1  18-24  <0.001
23

24 Liver 1.9 1.5-23 <0.001 1.4 1.1-19 0.004
25 Gallbladder 1.5 1.2-19 <0.001 1.2 1.0-1.6 0.01
26

27 Other parts of the biliary tract 1.9 1.4-2.6 <0.001 1.7 1.2-24 0.004
28 Pancreas 2.1 1.8-2.5  <0.001 1.9 1.6-23  <0.001
gg Nasal cavity, middle ear and paranasal sinuses 2.3 1.8-2.9 <0.001 1.7 1.3-23 <0.001
31 Larynx 13.2  11.3-153 <0.001 9.8 83-11.7 <0.001
gé Bronchi and lung 9.6 89-104 <0.001 7.9 72-8.6 <0.001
34 Kidney 1.8 1.6-2.1 <0.001 1.4 12-1.7 <0.001
35 Bladder 3.0 2.6-34 <0.001 2.6 22-3.0 <0.001
36

37 Central nervous system 1.2 1.1-14 0.006 1.0 08-12 0.93
38 Thyroid 09 0.8-1.0  0.005 0.8 07-0.8  <0.001
39

40 Myeloid leukemia 1.3 1.1-1.5 0.001 1.0 09-12 0.74
41 Breast 1.7 1.6 - 1.7 <0.001 1.2 12-1.3 <0.001
jg Vulva 2.5 22-29 <0.001 2.0 1.7-2.4 <0.001
44 Vagina 1.7 1.3-2.1 <0.001 1.2 09-1.7 0.27
jg Cervix of uterus 2.8 2.7-3.0 <0.001 2.0 1.9-2.1 <0.001
a7 Uterine body 1.0 1.0-1.1 <0.001 1.0 09-1.1 0.54
48 Ovary (mucinous) 2.2 1.7-2.7 <0.001 2.1 1.6-2.7 <0.001
g(g) * Adjusted for age and alcohol consumption
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Discussion

While smoking is a well-established risk factor for the development of various types
of cancer’, the magnitude of the risk varies between studies according to race and income
nation®. There are few national publications that summarize the magnitude of the risk of
developing the disease in view of the specificities of the Brazilian population.

In Brazil, a survey conducted before the beginning of this study, covering urban and
rural areas, estimated the smoking prevalence at 34.8% (43.3% among men and 27.0% among
women). Surveys carried out in subsequent periods have shown lower prevalence, which is
consistent with the figures obtained among controls in the present study”.

We observed very strong association between tobacco and oral cavity cancer,
oropharynx, hypopharynx, larynx and bronchi /lung. In a European study, which analyzed
2103 cases of squamous cell carcinoma of the upper aero digestive tract’, slightly lower
values than those in the current study were found for cancers of the oral cavity and
oropharynx and higher values for hypopharynx and larynx. In a meta-analysis involving 254
studies, similar RR for laryngeal cancer, bronchi/lung and oral cavity were observed®,

When analyzing the risk of developing cancer of the bronchi and lung according to
gender, the present study found a higher risk associated with tobacco consumption for the
female population. However, a distinct result was described in a study involving the Japanese
population, which showed a relative risk 4.39 times greater for men and 2.79 for women'".

In the present study, we found moderate association between smoking and
nasopharyngeal cancer. Discrepant results were reported in studies of other populations. For
example, after adjusting for age, gender, smoking, drinking and family history of cancer, a
higher risk was observed in the Chinese population'' while smoking conveyed no increased
risk in an Italian population for undifferentiated subtype of the disease but very high

association for differentiated cases with consumption of more than 15 cigarettes per daylz.
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5

6 Moderate risk was also demonstrated in this study for cases of cancers of the nasal

7

8 cavity, middle ear and sinuses compared with the general population and for gender. This
9

10 result was also revealed in another study' that evaluated 14 563 patients and showed a
11

12 moderate risk for the general population and for both men and women. It is noteworthy that to
13

14 our knowledge, no study has considered the risk of piriform sinus cancer alone, although the
15 L

16 present study showed very strong association between tobacco use and the development of
ig cancer in this site.

;'g Regarding the digestive tract, an elevated risk associated with smoking was observed
g;' for esophageal cancer with a moderate risk for cancer of the stomach and pancreas. A recent
gi meta-analysis described a lower risk for esophageal cancer and a similar risk for cancers of
25 the stomach and pancreas®. In this study, a moderate risk was found in cancers of the anus
26

27 and anal canal, but no publications discussing this association have been found. With regard
28

29 to cases of cancer of the colon and rectum, the observed association was weak, which
30

31 confirms the results of a review of 26 studies on the association between smoking and
32

33 colorectal cancer'®. Furthermore, the authors also reported an association only for rectal
34

35 cancer and no association for colon cancer. Similar figures to those described here were found
36

37 in a European study involving 2741 patients'’. However, when the authors stratified by
38

39 anatomic sites, proximal colon cancer showed an increased risk, whereas no significant
40

41 increased risk was observed for distal colon cancer.

42 . . . .

43 For neoplasms of the urinary tract, moderate association with smoking was found for
jg cases of kidney cancer, with comparable figures in both genders. Similar findings were
jg reported in a meta-analysis involving 24 epidemiological studies'®. The authors stressed that
jg the risk was proportional to tobacco consumption for both genders. Regarding the cases of
S0 bladder cancer, strong association was found with smoking with similar results in men and
51

52 women. A case-control study involving 1586 patients showed a moderate risk of cancer, with
53

54 increasing values for low-grade superficial, high-grade superficial or invasive tumors.
55

56

57

58

59

60
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Furthermore, women were at increased risk for invasive types when they consumed similar
amount of cigarettes to men'’.

Although the authors of the present study have not identified specific studies with
reference to the association between smoking and gallbladder cancer, the current results point
to weak association in the general population, although when stratified by gender, the
association was not significant for men and was weak for women. With respect to liver
cancer, one meta-analysis evaluated the association with tobacco smoking and its
development, finding a moderate risk in this disease, which supports the IARC conclusion'®.
In the present study, we found a weak association, which corroborated the findings of a
prospective cohort study conducted in Singapore with 394 patients with hepatocellular
carcinoma'”.

The results of this study showed no association between smoking and the risk of
developing cancer of the central nervous system and myeloid leukemia. Similar findings were
shown in a prospective cohort study that highlighted a lack of association with brain tumors.
However, the authors showed statistically significant association for myeloid leukemia, in
contrast to the results presented here®.

Male genital tract cancers have not been listed” as related to tobacco. A lack of
association between these cancers and smoking was confirmed in the current study. For
prostate cancer this study showed weak association between smoking and prostate cancer. A
large prospective cohort study found a decreased risk for non-advanced disease in current
smokers, but an increased risk of fatal prostate cancer among smokers®'.

In assessing the association between smoking and developing female specific cancers,
we observed a scarcity of publications that addressed this issue in some tumor locations. For
breast cancer, despite the large number of studies, the association remains controversial.
Although it is known that cigarettes contain carcinogens that can increase the risk of

developing the disease, its antiestrogen action may be a protective factor. In the present study,
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5

6 we found a weak association between smoking and breast cancer, a finding which is
7

8 supported by a study which evaluated 1240 women diagnosed with invasive breast cancer and
9

10 reported that consuming 10 or more cigarettes/day for up to 20 years increases the risk of
11

12 breast cancer by 34%”%. In cases of cancer of the vulva and vagina, the association was
13

14 moderate and low, respectively. No studies that address the relationship between smoking and
1 . . . . . .
12 the risk of developing cancer of the vulva and vagina have been identified. For cervical
ig cancer, the risk was moderate, which is consistent with the review of 23 epidemiological
;'g studies involving 13 541 women, which found an increased risk for squamous cell carcinoma,
g;' although the same was not observed for adenocarcinoma®. Regarding ovarian cancer, only
gi the mucinous subtype seems to be positively associated with tobacco use; in this study the
25 association for this tumor type was moderate, confirming the observations of a meta-analysis
26

27 of 910 women with mucinous and 5564 with non-mucinous ovarian cancer, in which a risk
28

29 for mucinous cases and lack of association for others subtypes was found®*. Among the
30

31 remaining specific females cancers, results of this study showed no association between
32

33 smoking and the risk of developing cancer of the uterine body. However, even when
34

35 considering the toxicity and carcinogenic effects of tobacco, the risk of endometrial cancer
36

37 appears to be reduced. In another study, a protective effect of smoking was demonstrated with
38

39 28% reduction in the risk of endometrial cancer for women who consumed 20 or more
40

41 cigarettes/day”’. Furthermore, the association did not vary with menopausal status, oral
42 . S

43 contraceptive use or hormone replacement therapy. When considering post-menopausal
jg women with a higher body mass index, the protective effect was even more noteworthy. A
jg European multicenter study involving 249 986 female smokers, of whom 619 were diagnosed
jg with endometrial cancer, also showed that tobacco consumption in postmenopausal women
50 reduces the risk of disease, while moderate risk was found in premenopausal women?’.
51

52 Tobacco use appears to reduce the risk of developing thyroid cancer, but the actual
53

54 mechanism of this association needs to be better understood. Protection was observed for both
55

56

57

58

59

60
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genders, similar to the results of a prospective study involving 1003 subjects that found a
protective effect of smoking with a 32% reduction in risk for the general population, 17% for
men and 37% for women. Moreover, the authors reported a decreased risk for the papillary
subtype and possibly for the follicular subtype®’.

With regard to EF, a study with a similar design to that used here estimated the
proportion of cancer cases related to exposure to tobacco and, in line with the results of the
current study, showed values above 80% for most cancers of the respiratory tract, between
20% and 50% for digestive tract and lower urinary cancers'’. A Brazilian study also assessed
the population attributable risk between smoking and developing some types of cancers and
reported that the total elimination of smoking would reduce the risk of esophageal cancer by
54%, of lung cancer cases by 71%, and of cancer of larynx by 86%".

A limitation of this study is that it is based on analysis of secondary data, with data
collected in a large number of cancer treatment centers, making it difficult to standardize data
collection. Moreover, we observed a high percentage of missing values for some variables.
Such potential sources of bias were minimized by the Brazilian NCI through the construction
of a web based information system, the formulation and distribution of a manual of routines
and proceedings, and the training of medical records technicians in order to standardize the
collection and inputting of information. In addition, in its current version, the Integrator CHR
System does not store detailed information on smoking history, being impossible to estimate
the total lifetime dose or total dose in pack-years. Another limitation is that we used as control
non-melanoma skin cancers that may have different behaviors in cases and controls taking
into consideration skin color, ethnic origin and geographical precedence.

A strong point worth mentioning is that the association between smoking and cancer
was adjusted for alcohol consumption, another important determinant of the risk of
developing cancer. Even with these limitations, the opportunity to define the magnitude of the

risk of developing cancer associated with tobacco use and the fraction of cancers that can be
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attributed to its consumption by a large Brazilian national study allowed, for the first time

in the country, a comprehensive overview of this association.

©CoO~NOUTA,WNPE

10 In conclusion, this study confirms a high risk of developing cancer of the
12 hypopharynx, bronchi and lung, larynx, hypopharynx, oropharynx and oral cavity, esophagus
14 and bladder cancer among smokers and establishes the EF attributable to smoking in the

16 development of different types of cancer in Brazil.
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